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Abstract:
Macroinvertebrates constitute a major energy pathway between trophic levels in aquatic and riparian
ecosystems. They are especially important to waterfowl, providing essential protein and influencing the
selection of breeding sites and survival of young. Knowledge of macroinvertebrate abundance and the
factors which regulate it are, therefore, of considerable importance in waterfowl management.

The Canyon Ferry ponds provided an unusual opportunity to study the development and factors
regulating macroinvertebrate communities. Between June 1979 and August 1980, organisms on plants
and in the water column were sampled at 14 locations with a sweepnet and benthic organisms were
obtained with an Ekman dredge at 21 sites in the four ponds.

Despite many similar environmental factors, the density and composition of macroinvertebrates were
significantly different among ponds. The mean density of benthic macroinvertebrates was 5,438, 3,195,
9,794 and 2,512 per square meter and the mean density of organisms in sweepnet samples was 77.5,
36.3, 99.8 and 17.2 in Ponds 1 through 4, respectively. Diversity exhibited a similar pattern and the
dominant taxa varied among ponds. The observed disparities were attributed, primarily, to differences
in water clarity, amount of submerged vegetation and extent of water level fluctuation. The high
density and diversity of macroinvertebrates in Pond 3 was associated with profuse stands of vegetation
while the high turbidity of Pond 4 resulted in an impoverished flora and fauna. Relatively clear water in
Pond 1 had a positive effect on macroinvertebrate populations; however, extensive water level
fluctuations in Ponds 1 and 2 were detrimental to macroinvertebrates.

The macroinvertebrate community consisted of four assemblages of organisms. Benthic organisms
formed two groups. Tubificids dominated at deeper, more turbid stations while chironomids were
dominant in shallow areas. Chironomids and oligochaetes comprised 98% of the benthic fauna and
were predominant on plants while corixids were the most abundant nekton. The abundance of each
community was highest during the summer and lowest in the spring. Overwintering populations were
adversely affected by reduced water levels. Maintaining higher water levels until the ponds freeze
would increase winter survival and result in larger macroinvertebrate populations available for
consumption by waterfowl during the spring. 
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ABSTRACT

Macroinvertebrates constitute a major energy pathway 
between trophic levels in aquatic and riparian ecosystems. 
They are especially important to waterfowl, providing 
essential protein and influencing the selection of breed
ing sites and survival of young. Knowledge of macroin
vertebrate abundance and the factors which regulate it 
are, therefore, of considerable importance in waterfowl 
management.

The Canyon Ferry ponds provided an unusual opportun
ity to study the development and factors regulating 
macroinvertebrate communities. Between June 1979 and 
August 1980, organisms on plants and in the water column 
were sampled at 14 locations with a sweepnet and benthic 
organisms were obtained with an Ekman dredge at 21 sites 
in the four ponds.

Despite many similar environmental factors, the den
sity and composition of macroinvertebrates were signifi
cantly different among ponds. The mean density of benthic 
macroinvertebrates was 5,438, 3,195, 9,794 and 2,512 per 
square meter and the mean density of organisms in sweepnet 
samples was 77.5, 36.3, 99.8 and 17.2 in Ponds I through 
4, respectively. Diversity exhibited a similar pattern 
and the dominant taxa varied among ponds. The observed 
disparities were attributed, primarily, to differences in 
water clarity, amount of submerged vegetation and extent 
of water level fluctuation. The high density and diversi
ty of macroinvertebrates in Pond 3 was associated with 
profuse stands of vegetation while the high turbidity of 
Pond 4 resulted in an impoverished flora and fauna. 
Relatively clear water in Pond I had a positive effect on 
macroinvertebrate populations; however, extensive water 
level fluctuations in Ponds I and 2 were detrimental to 
macroinvertebrates.

The macroinvertebrate community consisted of four 
assemblages of organisms. Benthic organisms formed two 
groups. Tubificids dominated at deeper, more turbid sta
tions while chironomids were dominant in shallow areas. 
Chironomids and oligochaetes comprised 98% of the benthic 
fauna and were predominant on plants while corixids were 
the most abundant nekton. The abundance of each community 
was highest during the summer and lowest in the spring. 
Overwintering populations were adversely affected by 
reduced water levels. Maintaining higher water levels 
until the ponds freeze would increase winter survival and 
result in larger macroinvertebrate populations available 
for consumption by waterfowl during the spring.
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INTRODUCTION

In recent years the loss of aqu,ati,c and wetland 
habitat has become a paramount concern in wildlife man
agement. The construction of ponds has been important in 
mitigating the impacts of agricultural and domestic 
encroachment on .aquatic habitats. This is particularly . 
true in arid regions, where the creation of lahes and 
ponds may greatly increase the carrying capacity of land 
managed for wildlife enhancement. Waterfowl obviously 
benefit, and the management of majiy new^y constructed 
ponds is directed toward increasing ducjc and goose 
production.

The use of recently created ponds as breeding sites 
by waterfowl, however, has not always been successful 
(Street 1977). Aquatic invertebrates are an important and 
perhaps essential protein source for nesting waterfowl and 
non-f!edged ducklings (Swanson and Seriq 1979). Eriksson 
(1978) and Street (1978) found correlations between 
aquatic macroinvertebrate abundance and lake selection by 
breeding ducks along with the survival of ducklings. 
Numerous researchers have reported that chironomids are a 
preferred food item of ducks, and Dqnell and Sjoberg 
(1977) attributed the success of dabbling ducks on new
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impoundments in Sweden to high densities of' Chironomidae. 
Knowledge of macroinvertebrate production levels in ponds 
is, therefore, of considerable value in waterfowl 
management.

Although the development of macroinvertebrate 
communities in newly formed water bodies has received 
attention due to the rapid proliferation of man-made 
impoundments, few published.studies pertaining to small 
impoundments are available from the United States. A 
notable exception is an analysis by Burris (1952) of the 
bottom fauna in a 0.4 hectare (ha) pond in Oklahoma during 
the first year of inundation. Most investigations have 
focused on river reservoirs? either large tropical im
poundments (Petr 1971? MacLachlan 1970) or mountain reser
voirs (Nursall 1952? Patterson and Fernando 1969a? Aggus 
1971). The most thorough studies of small lowland im
poundments have been in Europe (Grimas 1961? Armitage 
1977). Much of the information provided by these studies 
appears applicable to water bodies less than 300 ha in 
area.

Numerous factors regulate the development of macro- ' 
invertebrate faunas in new impoundments? however, sub
strate instability and fluctuating water levels are 
frequently considered the most important environmental 
variables (Paterson and Fernando 1969b? Benson and Hudson
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1975; McAfee 1980). Chironomids are inevitably among the 
first and most abundant macroinvertebrates to colonize new 
water bodies. The predominance of Chironomidae in man
made impoundments has been attributed to their ability to 
exploit the unstable environments typical of these water 
bodies (Paterson and Fernando 1969b). Although chiron- 
omids are more resilient to water level fluctuations than 
most other varieties of macroinvertebrates, their abun
dance is greatly effected by the duration and timing of 
drawdowns.(Raster and Jacobi 1978).

The Canyon Ferry Wildlife Management Area ponds 
provided a unique opportunity to study developing macro
invertebrate communities and the factors regulating their 
composition and abundance. The four ponds, which are 
managed primarily as nesting and rearing areas for Canada 
geese (Branta canadensis), have numerous physical and 
chemical similarities. Thus, many of the interacting 
environmental factors affecting macroinvertebrate popula
tions are consistent between the ponds. The parameters 
which do vary significantly between ponds, extent of water 
level fluctuation, amount of aquatic vegetation and water 
clarity, can therefore be more easily evaluated.
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DESCRIPTION OF STUDY AREA

The Canyon Ferry Wildlife Management Area is located 
at the upper end of Canyon Ferry Reservoir hear Townsend 
in southwestern Montana. As part of the Canyon Ferry 
Conservation and Wildlife Enhancement Project, the Bureau 
of Reclamation constructed a, series of dikes on the sea
sonally exposed mud flats where the Missouri River enters 
the reservoir. The dikes enclosed approximately 800 ha of 
the exposed area and created four ppnds ranging from 150 
to 250 ha in size. Ponds I, 2 and 3 are located on the 
eastern shore of the reservoir while Pond 4 is on the 
western side (Figure I). Construction of the dikes and 
supply canals began in 1972. The westside dike (Pond 4) 
was completed in 1973 while the dikes forming Ponds I, 2 
and 3 were finished in 1977, 1976 and 1974, respectively. 
Construction of 350 dredge islands within the ponds con
tinued until 1978.

Owing to their proximity, similar dimensions and 
common water source, the ponds exhibited a number of 
physical and chemical similarities. The maximpm depth in 
each pond was slightly more than three meters (m); how
ever, only 30 to 40% of the area within each pond exceeded 
I m in depth. When thq ponds were full, mean depths were
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Figure I. Map of the Canyon Ferry Wildlife Management
Area showing the locations of the study ponds.
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approximately I m. Extensive water level fluctuations 
(Table I) alternately inundated and exposed large portions 
of the ponds.

Table I. Water depth (meters) at the deepest station in.
each of the Canyon Ferry popds from March 1979 to August 1980.

DATE

POND

I 2 3 4

3/2 9 / 7 9 0.0 0.0 0.4 0.74/2 8 / 7 9 0.0 0.2 1.8 2.4
5/2 1 / 7 9 0.1 1.0 2.8 2.26/2 6 / 7 9 2,4 2.2 3.2 2.67/2 6 / 7 9 3.1 2 . 8 3.Q 2,5
8/2 2 / 7 9 2.0 2.5 2.7 1.79/2 3 / 7 9 1.8 1.9 2 . 5 1.4

10/2 6 / 7 9 0.8 1.2 2 . 0 1.311/12/79 0 . 2 0.6 I. 8 1.1
3/1 1 / 8 0 0.0 0.0 1.7 I. I
4/ 1 8 / 8 0 0.0 0.4 2.6 2.4
5/ 1 5 / 8 0 2.4 0.8 2.6 2.8
6/1 6 / 8 0 2.8 3.2 3.1 3.0
7/ 1 3 / 8 0 2.0 2.6 2.7 2.2
8/2 7 / 8 0 2 . 2 2.4 2.6 2 . 0

In 1979, Ponds 3 and 4 began filling in April, Pond 2
in May and Pond I in June. Maximum water levels occurred 
during July in response to high water levels in Canyon 
Ferry Reservoir. Beginning in August and continuing until 
ice formation in November, water levels declined sharply. 
During the winter Ponds I and 2 were dry while small 
portions of Ponds 3 and 4 remained inundated. During
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1980, the ponds filled in the same order but at earlier 
dates and water level fluctuations during the summer were 
less erratic then in 1979.

Water was supplied to the ponds via the canal system 
from the Missouri River. Consequently, the chemical com
position of water entering the ponds was similar. Only 
minor chemical changes occurred within the ponds and no 
significant differences were detected in the parameters 
measured (Table 2). Similarly, water temperature and 
dissolved oxygen concentration was consistent between 
ponds. Maximum daily water temperature exceeded 20 
degrees Centigrade (C) from mid June to early September 
with the maximum recorded temperature of 29 C occuring on 
August 21st, 1979. Water temperature fluctuated 5 to 9 C 
on a diel basis. Dissolved oxygen concentration was uni
formly high,during the period of open water and ranged 
from 80 to 100% of saturation. After four months of ice 
cover, the dissolved oxygen level had fallen to 35% of 
saturation (4 ppm) in Pond 3 and 40% of saturation (5ppm) 
in Pond 4.

The ponds were originally conceived as a means of 
reducing the amount of blowing dust during periods of 
reservoir drawdown. To this end, silt excavated from an



Table 2. Mean values and ranges (in parentheses) of selected chemical parameters 
in the Canyon Ferry ponds from June to November, 1979.

POND
PARAMETER I 2 3 4

PH 8 . 6 8.7 8.5 8 . 6(8.0-8.9) (8.1-9.0) (7.7-8.9) (7.6-9.0)
Conductivity 505 491 463 431(umhos/cm d> 25 C) (454-551) (395-585) (333-541) (360-512)
Total alkalinity 137 133 134 130(mg/1 CaCo )3 (120-150) (120-160) (120-165) (110-150)
Total hardness 157 154 152 148(mg/l CaCo ) 3 (130-190) (120-190) (120-180) (120-170)
Calcium hardness 130 128 130 120(mg/l CaCo ) 3 (110-170)' (110-170) (110-180) (100-140)
Sulfates (mg/l) 25 30 - 25 28(2 5 ) (25-35) (2 5) (25-30)
Chlorides (mg/l) 27 27 23 25(25-30) (25-30) (20-25) (2 5)
Nitrogen 0.07 0.08 0.07 0 . 0 8(mg/l NO + NO ) 

2 3
(0.05-0.08) (0.05-0.11) (0.05-0.08) (0.05-0.10)

Total phosphorus 0.07 0.06 0.05 0.06(mg/l) (0.06-0.07) (0.05-0.07) (0 .04-0.05) (0.05-0.07)
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additional 1,100 ha of reservoir bottom was deposited in 
Ponds 2, 3 and'4. The resultant water clarity was poor. 
The turbidity level was highest in Pond 4, intermediate 
in Ponds 2 and 3 and lowest in Pond I (Table 3). Water 
clarity remained fairly constant within each pond 
throughout the period of open water (Table 4). During 
1979, Secchi disk transparency averaged 0.4, 0.4 and 
0.2 m in Ponds 2, 3 and 4, respectively. The mean Secchi 
disk transparency in Pond I, which did not receive 
sediment additions, was 1.3m.

Table 3. Mean turbidity (Jackson Turbidity Units) at the 
outflows of the Canyon Ferry ponds during August of 1979 and 1980.

POND

DATE I 2 3 4

8/2 4 / 7 9 11 26 28 63
8/2 9 / 8 0 . 13 28 24 61 '
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Table 4. Mean Secchi 

Canyon Ferrydisk transparency ponds during 1979
(meters) in 
and 1980.

the

POND

DATE I 2 3 4

5/21/79 _ 0.4 0 . 6 0.2
6/2 6 / 7 9 2.0 0.5 0 . 4 0.2
7/2 6 / 7 9 1.2 0.5 0.3 0.1
8/2 2 / 7 9 1.3 0.4 Qb 4 0.3
9/2 3 / 7 9 1.2 0.5 0.3 0.2

10/2 6 / 7 9 0.8* 0.4 0.4 0.211/10/79 0.2* 0.3 0 . 4 0.2
4/1 8 / 8 0 — 0.1 0 . 4  ; 0.2
8/2 8 / 8 0 ' 1.0 0.3 0.5 0 . 3

* Secchi disk visable to the bottom throughout the pond.

In addition to causing turbidity, the abundant silt 
and clay reduced the heterogeneity of substrates within 
the ponds. Before the ponds were filled in the spring, 
hard packed silt and clay were identified as the predom
inant substrate with sand and gravel comprising an 
appreciable portion of the bottom near the ditch inlets. 
The substrate in the deepest portions of the ponds con
tained a considerable amount of organic material, 
primarily decaying Potamogeton spp. Detritus was most 
prevalent in Pond 3 and was essentially absent in Ponds I 
and 2. Upon filling, wind induced wave action redis
tributed the fine materials resulting in a ubiguitous 
layer of clay and silt.
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The dominant form of vegetation in thp ponds was 

Potamogeton pectinatus. Potamogeton filliformis,
Polygonum sp. and Alisma sp. also occurred in limited 
quantities. Small patches of P. pectinatus were 
initially noticed in Pond 3 during June, 1979. By August, 
P. pectinatus had spread to most areas of Pond 3 where the 
water depth was less than 0.3 m, ^nd sparse patches were 
present in the other ponds. The declining water level 
curtailed plant growth for the remairydqr of the year; 
however, senescent patches of Potamogeton were numerous 
until November. The extent of vegetation increased dra- 1 
matically in 1980. Sparse growths of P. pectinatus cov
ered more than half the total areas of Ponds I, 2 and 3 
and dense patches were numerous, especially in Pond 3. 
Submerged vegetation was confined to a small area of Pond 
4 during both years. Emergent vegetation consisted of 
small patches of bulrush (Scirpus sp.) and cattail (Typha 
sp.) in Ponds 3 and 4.
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METHODS

Samples were obtained on nine occasions in 1979 and 
on three occasions in 1980. A preliminary examination of 
the ponds was conducted during April and May of 1979 and a 
monthly sampling program was established for the remainder 
of the open water period. Monthly sampling was dis
continued when the ponds froze in December. Ponds 3 and 4 
were sampled through the ice in March of 1980 and all four 
ponds were sampled one week after ige out, in April. An 
additional set of samples was obtui^ed in ^u,gngt, 1980.

Physical and Chemical Analysis 
The wa^er temperature, dissolved oxygen concentration 

and Secchi disk transparency were recorded concurrently 
with each biological sample while conductivity, pH, total 
alkalinity, total hardness and calpium hardness were 
determined at the inlet and outlet of each pond during 
each sampling stanza. Water temperature and dissolved 
oxygen were measured with a Yellow Springs Instuments 
Model 54 meter which was calibrated d^ily with the average 
of two Winkler dissolved oxygen determinations (APHA 
1971). Conductivity was assessed using a Hach Model 2510 
conductivity meter; and pH was measpred with a, LaMotte
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Model HA meter. Total alkalinity, total hardness, calcium 
hardness, sulfates and chlorides were determined colori- 
metrically with a Delta Model 50 portable water chemistry 
kit. During August of both years, water samples from the 
pond inlets and outlets were transferred to the laboratory 
in one liter polyethelylene bottles for turbidity and 
inorganic nutrient analyses. Combined nitrate and nitrite 
nitrogen and total phosphorus were determined using Hach 
Chemical Company reagents. Turbidity was measured using a 
Hach Model 2100 tubidometer.

Biological Analysis
Two methods were used to sample macroinvertebrates. 

Benthic samples were obtained with an Ekman grab sampler 
enclosing an area of 232 centimeters (cm). To insure 
penetration of the sampler to a uniform depth into the 
substrate, a wooden handle was attached to the*sampler 
for collecting in shallow water. While sampling in water 
deeper than 2 m, a rope and triggering messenger were 
used. Littoral habitats were sampled with a circular 
dipnet which had a diameter of 80 cm and netting mesh of 
0.6 millimeters (mm). Each sample consisted of sweeping 
the net through the water column over approximately 36 
square meters. Sampling was limited to two minutes of 
actual collecting at each location. All samples were 
concentrated in a U.S. Number 30 mesh seive bucket and
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preserved in 5% formalin.

The preliminary surveys in April and May, 1979 were 
used to determine the depth profile and substrate types 
within each pond. Biological sampling at this time con
sisted of randomly collecting 45 Ekman grajo samples and 20 
sweepnet samples. Sampling effort ŵ .s concentrated in 
Pond 4 which was the only pond contaiping an appreciable 
amount of water. When sampling was initiated on April 
16th, less than 50% of Pond 3, less than 20% of Pond 2 
and 0% of Pond I were inundated.

Beginning in June, permanent sampling locations were 
selected in each pond based on depth, presence or absence 
of vegetation and distance from the ditch inlets. During 
each sampling stanza, 21 Ekman samples and 14 sweepnet 
samples were collected. ' Benthic samples were differ
entiated using water depth, with 1.5 jn delineating shallow 
and deep water habitats. Single deep water stations were 
designated in Ponds I and 2 while two deep water stations 
were 'sampled in each of Ponds 3 and 4. Three or four 
shallow water locations were established in each pond 
including one station in each pond in the depositional 
zone near the inlet. Single sampling stations at transi- 
tional depths (approximately 1.5 m) were also located in 
Ponds 3 and 4. Single sweepnet samples were taken along 
shorelines with and without submerged vegetation and along
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rocky sections of the dikes in each pond. Additional 
sweepnet samples were collected in stands of bulrush , in 
Ponds 3 and 4.

In the laboratory, samples were rinsed in a U.S. No. 
35 seive (0.50 mm appartures). Macroinvertebrates were 
then separated from the sample and stored in 70% ethanol. 
Macroinvertebrates were identified to the lowest practical 
taxon, usually genus, using keys by Brinkhurst and 
Jamieson (1971), Brown (1972), Hilsenhoff (1975), Hiltunen 
and Klemm (1980), Mason (1973) Oliver, et al. (1978),
Penak (1978) and Hoemhild (1975 and 1976). Microscope 
slides of Oligochaeta and Chironomidae, prepared with 
Hydramount mounting media, were examined using a compound 
microscope. Oligochaetes were cleared in Amman's lacto- 
phenol prior to examination. Naididae and sexually mature 
Tubificidae were identified to species while immature 
tubificids were distinguished as those with or without 
capilliform chaetae.

Benthic macroinvertebrate community distribution and 
variability were quantified using similarity indices and 
ordination techniques. The chironomid and oligochaete 
assemblages at each station were compared using the 
Czeckanowski index of similarity (S), as described by 
Clifford and Stephenson (1975):
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S = (2C)/(A + B )
where A = the number of taxa occurring at station A z

B = the number of taxa occurring at station B z and
C = the number of taxa comrnpn to both stations.

This index is a presence/absence comparison of the 
community similarity between any two stations. Since the 
Czeckanowski index gives equal weight to all taxa re
gardless of their abundance, the coefficient of percentage 
similarity (Whittaker 1975) was also determined. This 
index is calculated as:

PS = 100 - 0.5 H  (a - b) = 21 minimum (azb) 
where a = the percentage of a taxon at station A z and

b = the percentage of the game taxon at station B.

The values of both indices range from 0 to I with 
high values indicating similar species composition between 
stations. The coefficient of percentage similarity was 
further employed in computing a two axis ordination of 
community similarity between stations. The locations of 
stations within the ordination were calculated as des
cribed by Beals'(I960). ' A matrix of the coefficient of 
percentage similarities was constructed for all stations. 
The station with the lowest average coefficient (most 
different from all other stations) was selected as one

16
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end of the X axis. The other end point on the X axis was 
the station exhibiting the greatest dissimilarity (I - PS) 
to the first reference station. The length of the X axis 
was eguivalent to the dissimilarity value between the 
stations selected as end points. The location of the 
remaining stations along the X axis were determined using 
the formula:

2 2 2
X =  (L + A - B )/2L

where L = the dissimilarity value between reference 
stations,

A = the dissimilarity value of a given station 
and the first reference station, and 

B = the dissimilarity value of a given station 
and the second reference station.

The first end point on the Y axis was selected on the 
basis of the highest value of e among stations along the 
X axis. The value of e was calculated as:

2 2 2
e = A  - x .

The other end point of the Y axis was the station most 
dissimilar to the first. The positions of the remaining 
stations along the Y axis were determined as they were for 
the X axis. The stations were then plotted on a two- 
dimensional graph.
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' RESULTS

Preliminary Survey
The two month preliminary investigation of macroin

vertebrate populations was initiated in April of 1979 as 
the ponds began filling. Sampling was concentrated in 
Ponds 4 and 3 which were the first ponds to receive water 
in the spring. Sampling in Pond 2 was limited to eight 
Ekman and three sweep samples due to the low water level 
and Pond I, which remained dry until June, was not 
sampled.

When first sampled, the macroinvertebrate fauna of 
the ponds consisted of a few species present in low num
bers (Tables 5 and 6). Organisms were concentrated in the 
deep areas of the ponds and near the inlets while recently 
inundated areas were barren. Macroinvertebrates were most 
numerous in Pond 4 which had contained the most water 
during the previous winter. Macroinvertebrate populations 
increased rapidly as the ponds received water; however, 
their distribution remained patchy. By the'end of May, 
the diversity and average density of benthic organisms 
were similar in all three ponds (Table 5). The average 
number of organisms per sweep sample increased from 3.2 in 
April to 13.0 in May (Table 6). Littoral organisms
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remained concentrated near the inlets while the highest 
densities of benthic organisms were still found in the 
deepest regions of Ponds 3 and 4.

Table 5. The number of samples (n), total number of taxa 
and mean density per square meter of organisms 
collected in benthic samples from Ponds 2, 3 
and 4 during April and May, 1979.

POND

2 3 4

April May April May April May

n 4 4 9 8 11 9
Taxa 7 17 14 ■ 20 19 19
Density 452 1012 388 1744 904 971

Table 6. The number of samples (n), total number of 
and mean number of organisms collected per 
minute sweepnet sample from Ponds 2, 3 and 
during April and May, 1979.

taxa
two
4

POND

2 3 4

April May April May April May

n 0 3 4 4 5 4
Taxa — 4 4 10 9 15
Organisms ■ - 6.7 2.8 9.5 5.6 14.8
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A total of 39 taxa were collected by both sampling 
methods during April and May (Table 7). Twenty-nine 
taxa were identified in benthic samples, including 21 
dipterans, seven oligochaetes and one beetle. Of the 20 
taxa captured in sweep samples, seven were dipterans and 
two were oligocheates. Ten species were collected only in 
sweep samples, including three species each of Corixidae 
and Ephemeroptera and two species of Gastropoda. Single 
specimens of the crustaceans, Hyallela azteca and 
Qrconectes sp. were collected in sweepnet samples from 
Pond 4.

Table 7. The frequency of occurrence (Freq.), total
number and relative abundance (RA) of macro
invertebrates in 45 Ekman and 20 sweepnet 
samples from Canyon Ferry Ponds 2, 3 and 4 
during April and May, 1979.

TAXON
Limnodrilus spp. 
Procladius spp. 
Tanvtarsus spp. 
Tubifex sp. 
Paracladius sp. 
Cryptotendipes sp. 
Cricotopus spp. 
Chironomus sp. 
Harnishia sp. 
Paracladopelma sp. 
Lumbricidae 
Dero diqitata 
Qrthocladius spp.

EKMAN SAMPLES

Freq. Total RA 
(%) number (%)
64 311 30
38 203 20
31 124 12
33 106 10
36 77 7
24 28 3
22 23 2
16 20 2
16 17 2
18 15 2
7 13 I
9 10 I

11 9 —

SWEEPNET SAMPLES

Freq. Total RA 
(%,) number (%)
5 7 5

25 14 9
25 7 5
25 22 14
55 27 17
0 0 0

40 23 15
5 I I
0 0 0
0 . 0 0
0 0 0
0 0 0
0 0 0
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Table 7. (continued)

EKMAN SAMPLES SWEEPNET SAMPLES

TAXON Freq.
(%)

Total
number

RA
(%)

Freq
(%)

. Total 
number

RA
(%)

Odontomesa sp. 11 9 O O OCladotanytarsus sp. 11 9 O O OUncinais uncinata 7 8 O O oNais variabilis 4 8 O O oOphiodonais serointina 7 6 O O ' OParakiefferiella sp. 4 5 O O oPhaenopsectra sp. 7 5 O o oPolypedilum sp. 7 3 O O oDiamesa so. 4 3 __ O O ODubiraphia sp. 4 3 __ ■ 10 7 I 4Bezzia sp. 4 2 — 25 6 4Paratanytarsus sp. 4 2 _ o' O ODicrotendipes sp. 4 2 — O O OTanypus sp. 2 I — O O OCryptochironomus so. 2 I — O O OPaqastia sp. 2 I _ O O OEphemerella sp. O O O 15 11 7Corixidae nymphs O O O 15 9 6Baetis sp. O O O 15 6 4Corisella decolor O O O 5 4 3Physa sp. O O O 10 4 3Callibaetis sp. O O O 10 3 2Gyraulus sp. O O O 10 2 ISigara alternata O O O 5 2 ISigara qrossolineata O O O 5 IHyallela azteca O O O 5 IOrconectes sp. O O O 5 I
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Principal Investigation 
Water column samples

Sweepnet samples from June to November 1979 showed 
striking differences in diversity between ponds. The mean 
number of taxa retained per two minute sample ranged from 
4.8 in Pond 4 to 9.0 in Pond I. A total of 46, 41, 56 and 
36 taxa were collected in Ponds I through 4, respectively. 
For all ponds combined, a total of 78 taxa were identified 
in sweepnet samples, although most were rarely collected 
(Appendix Table 21). The relative densities in each pond 
exhibited a similar pattern, ranging from a low of 17.2 in 
Pond 4 to a high of 99.8 in Pond 3. The mean densities in 
Ponds I and 2 were 77.5 and 36.3, respectively. Despite 
the substantial difference in relative densities, the 
percentage composition of major taxonomic groups was 
similar between ponds (Table 8). Chironomids, corixids 
and oligochaetes dominated in each pond; however, there 
were notable differences in the abundance of individual 
taxa among ponds (Table 9).

The relative densities and diversities of organisms 
freguenting the water column were substantially higher 
during the summer (Tables 10 and 11) than during the 
preliminary survey conducted in April and May (Table 6).
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The highest values occurred .in July, corresponding with 
maximum water temperature and macrophyte development. The 
variety of organisms obtained in sweepnet samples remained 
relatively stable from June to September; however, the 
mean density steadily declined following the July maximum.

Table 8. The mean density per two minute sweepnet sample 
and percentage composition (in parentheses) of 
macroinvertebrate orders collected in the 
Canyon Ferry ponds from June to November, 1979 
(n is the number of samples per pond).

POND

I 2 ' 3 4

n
ORDER

15 18 24 24

Diptera 36.1 (4 7%) 17.8 (4 9%) 50.0 (50%) 7.8 (45%)
Hemiptera 13.1 (17%) 7.6 (21%) 21.3 (21%) 2.1 (12%)
Oligochaeta 18.8 (24%) 2.7 (7%) 19.2 (19%) 2.4 (14%)
Gastropoda 4.5 (6%) 3.2 (9%) 3.5 (4%) 1.1 (6%)
Others 5.0 (6%) 5.0 (14%) 5.8 (6%) 3.8 (23%)



Table 9. The mean density per two minute sweepnet sample and percentage numerical 
composition (in parentheses) of taxa comprising at least 5% of the fauna 
in one or more of the Canyon Ferry ponds from June to November 1979.,

POND

TAXON 1 2  3 4

Diptera
Cricotopus syIvestris 
Paratanytarsus sp„ 
Tanytarsus spp. 
Cladotanytarsus sp. 
Dicrotendipes sp. 
Bezzia spp.

Hemiptera
Sigara grossolineata 
Sigara alternata 
Cenocorixa wileyeae 

Oligochaeta 
Nais variabilis . 
Uncinais uncinata 
Ophiodonais serpintina 

Gastropoda 
Physa sp.
Gyraulus sp.

Amphipoda 
Hyallela azteca

20.9 (27%) 10.0 (28%)
2.5 (3%) 0.1 (1%)2.4 (3%) 1.1 (3%)
1.4 (2%) 1.2 (3%)
1.8 (2%) 0.6 (2%)
5.7 (7%) 3.6 (10%)
3.6 (5%) 2.2 (6%)
0.9 (1%) 1.9 (5%)
2.7 (3%) 2 . 1 (6%)

15.7 (20%) 0.7 (2%)
1.4 (2%) 0.2 (1%)1.9 (2%) 1.8 (5%)
1.7 (2%) 1 . 2 (3%)
2.7 (4%) 2.1 (6%)
0.3 (1%) 2.1 (6%)

16.2 (16%) 1.1 (7%)
18.1 (18%) 0.0
4.3 (4%) 2 . 2 (13%)
2.6 (3%) 1.2 (7%)
2.0 (2%) 1.3 (8%)
3.6 (4%) 1.0 (6%)

21.3 (21%) 1.5 (9%)
6.8 (7%) 0.1 (1%)2.3 (2%) 0.1 (1%)
2.3 (2%) 0.6 (4%)
5.0 (5%) 0.0
3.3 (3%) 1.8 (10%)
1.1 (1%) 0.9 (5%)
2.3 (2%) 0.1 (1%)
0.7 (1%) 0.9 (5%)



Table 10. The total- number of taxa collected and the mean number of taxa per two 
minute sweepnet sample in each of the Canyon Ferry ponds from June to 
November 1979 and during April and August '1980. Three samples per month 
in Ponds I and 2? four samples per month in Ponds 3 and 4.

DATE

POND •

] 2 3 4 Combined

total mean total mean total mean total mean total mean

6/2 6 / 7 9 15 7.3 .15 6 . 3 21 8.8 17 6.5 41 7.3
7/2 6 / 7 9 31 15.0 13 7.7 21 8.3 21 8.0 46 9.5
8/2 3 / 7 9 17 7.7 24 11.0 25 12.0 12 3.0 43 8.3
9/2 3 / 7 9 16 9.0 22 9 . 3 28 10.8 11 3.0 36 7.910/26/79 14 6.0 16 8.3 21 7.8 13 4.3 ' 32 6.511/12/79 - - 9 3 . 3 14 5.0 10 3.8 22 4.1
4/1 8 / 8 0 - - 5 2.7 7 2.8 13 4.0 16 ' 3.2
8/2 6 / 8 0 41 22.0 31 19.3 43 22.5 20 8.3 64 17.6
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Table 11. The mean macroinvertebrate density per two

minute sweepnet sample in each of the Canyon 
Ferry ponds from June to November 1979 and 
during April and August 1980; Three samples 
per month in Ponds I and 2; four samples per month in Ponds 3 and 4.

POND

DATE I 2 3 4 Combined

6/2 6 / 7 9 80.7 2 8 . 3 57.5 17.0 44.77/2 6 / 7 9 1 9 6 . 7 33.3 205.5 28.0 116.08/2 3 / 7 9 45.7 90.0 184.3 23.5 88.49/2 3 / 7 9 49.3 35.3 106.3 7.0 50.510/2 6 / 7 9 15.0 24.7 3 6 . 0 17.8 23 911/12/79 — 6 . 0 9.3 10.0 8 64/ 1 8 / 8 0 - 6.7 4.8 9.5 7.08/2 6 / 8 0 225.3 131.3 240.8 57.5 163.4

Macroinvertebrates rapidly colonized the habitat 
provided by aguatic vegetation. All major groups of 
invertebrates were more abundant in vegetated areas than 
in areas of the ponds lacking aquatic vegetation. Several 
genera of chironomids and naidids were particularly numer
ous on Potamogeton (Table 12). Due to their greater 
abundance/ variations in the number of dipterans and 
oligochaetes tended to obscure trends in the abundance of 
other organisms. Figures 2 and 3 depict the development 
of invertebrate populations excluding Diptera and Oligo- 
chaeta in vegetated and nqnvegetated areas.
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Table 12. The mean density of selected Chironomidae and 

Oligochaeta per two minute sweepnet sample in 
vegetated and nonvegetated areas of the Canyon 
Ferry ponds during July, August and September 
1979 and August 1980. Twenty-seven and 29 
samples from nonvegetated and vegetated areas, 
respectively.

Taxon Vegetated Nonvegetated Ratio

Chironomidae
'Cladotanytarsus sp. 6.9 2.0 3.5
Cricotopus spp. 21.5 9.3 2.3
Glyptotendipes sp. 1.1 0.2 5.2
Paratanytarsus sp. 19.4 1.6 12.2
Tanytarsus spp. 5.4 1.4 3.7

Oligochaeta
Nais variabilis 18.9 0.7 25.5
Uncinais uncinata 7.1 0.6 12.8

The influence of aquatic vegetation on macroinvert
ebrate populations was readily detectable by comparing 
data from August of 1979 and 1980. Stands of Potamogeton 
were more extensive in Ponds I, 2 and 3 during 1980 than 
in the preceeding year and a dramatic increase in the 
abundance and variety of phytophylic organisms was 
evident. During August of 1979, the mean number of 
organisms collected per two minute sweep sample was 88 
compared with 163 organisms per sample in August of 1980. 
All major taxonomic groups, with the exception of dip- 
terans, increased in abundance during 1980 compared to 
1979 (Table 13). Higher densities of Hemiptera, princi
pally Sigara grossolineata, Cenocorixa wileyeae and
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Figure 2. The mean density of macroinvertebrates (excluding Diptera and 
Oligochaeta) per two minute sweepnet sample in vegetated and 
nonvegetated areas of the Canyon Ferry ponds during 1979.
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Figure 3. The mean number of taxa (excluding Diptera and Oligochaeta) 
per two minute sweepnet sample in vegetated and nonvegetated 
areas of the Canyon Ferry ponds during 1979.
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Table 13. The mean macroinvertebrate density per two 
minute sweepnet sample in the Canyon Ferry 
ponds during August of 1979 and 1980 and the 
percentage increase between years (Fourteen 
samples collected each month).

Order August
1979 August

1980 Percentage
increase

Coleoptera 2.4 4.3 82Diptera ■■ 50.4 50.2 0Ephemeroptera 1.4 2.8 '95Hemiptera 21.5 50.1 133Trichoptera 0.2 2 . 6 1100Odonata 1.0 2.3 129Amphipoda 2.2 2.6 19Gastropoda 3 . 2 13.8 329Oligochaeta 4 . 9 2 2 . 9 372Other 1.2 11.8 870
Total 8 8 . 4 163.4 85

Corisella decolor, and the naidid oligochaetes Nais 
variabilis, Ophiodonais serpintina and Uncinais uncinata 
accounted for much of the increase in total numbers. 
Other genera contributing appreciably to the increase in 
numbers were Gyraulus sp., Hyallela azteca, Callibaetis 
sP*/ Agraylea sp., Haliplus sp. and Ishnura sp. The 
number of taxa occurring in the ponds also increased 
between years, from 43 to 65. Non-dipteran and oligo- 
chaete taxa, increased from 28 in August 1979 to 44 in 
August 1980 and included 12 taxa not collected in 1979.
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Benthic samples

Between June 1979 and August 1980, a total of 48 
insect taxa and 21 non-insect taxa were identified in 
benthic samples. Dipterans were the most numerous group, 
with 36 taxa including 33 genera of Chironomidae. 
Ephemeroptera, Trichoptera and Coleoptera contributed 
three genera each while two genera of Odonata were col
lected. Oligochaetes accounted for the majority of non- 
insect taxa and were represented by at least 13 species. 
Two genera of Gastropoda frequented the ponds and single 
taxa of Amphipoda, Isopoda, Coelenterata, Hydracarina, 
Hirudenea and Pelecypoda were encountered. With the 
exception of some chironomids and oligochaetes, however, 
populations were sparse and most taxa were infrequently 
collected (Appendix Table 21). Therefore, analysis of 
the benthic community emphasizes the chironomid and 
oligochaete components.

The Chironomidae and Oligochaeta, in addition to 
being the most diverse faunal groups, comprised more than 
98% of the total benthic fauna. Chironomids predominated 
in Ponds I, 2 and 4 while oligochaetes were the most 
abundant organisms in Pond 3 (Table 14). Mean chironomid 
densities were similar in Ponds I and 3 and in Ponds 2 and 
4, being approximately twice as high in the former as in 
the latter. In Pond 3, oligochaetes comprised 57% of all
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benthic macroinvertebrates and their densities were five 
to six times higher than in the other ponds.

Table 14. The mean densities per square meter and per
centage composition (in parentheses) of major 
benthic macroinvertebrate taxa collected in the 
Canyon Ferry ponds between June 1979 and August 
1980 (n is the number of samples per pond).

TAXON

POND

I 2 3 4

n 28 32 59 51

Diptera 4106 (76%) 2185 (68%) 4098 (4 2%) ' 1552 (62%)Oligochaeta 1227 (22%) 919 (29%) 5617 (57%) 930 (37%)Others 105 (2%) 91 (3%) 79 (1%) 30 (1%)
Total 5438 3195 9794 2512

Benthic organisms rapidly colonized the ponds and 
macroinvertebrate communities were well established by mid 
June 1979 when a total of 38 taxa were collected in the 
four ponds (Table 15). Diversity remained fairly stable 
until November of 1979 when the total number of taxa de
clined to 24. Within each pond, the mean number of taxa 
per sample peaked approximately two months after filling. 
Mean diversity values in Ponds 3 and 4 were highest during 
June while the maximimum mean diversities in Ponds 2 and I 
were delayed until July and August, respectively. A



Table 15. The total number of taxa collected and the mean number of taxa per Ekman 
sample in each of the Canyon Ferry ponds between June 1979 and August 
1980. Four samples per month in Ponds I and 2? seven samples per 
mont in Pond 3 and six samples per month in Pond 4.

PGND

I 2 3 4 Combined

DATE total mean total mean total mean total mean total mean

6/26/79 24 11.8 18 7.5 29 14.6 22 12.8 38 12.2
7/26/79 23 11.0 25 12.3 24 11.5 17 7.0 35 10.3
8/23/79 27 14.8 16 8.5 29 10.8 16 7.8 37 10.3
9/23/79 19 8.0 14 5.8 27 7.7 17 7.7 33 7.4

10/26/79 26 12.3 22 9.5 26 10.4 18 9.3 36 10.3
11/12/79 13 8.3 16 9.3 21 9.7 18 8.8 24 9.1
3/20/80 — - - - 12 8.3 14 9.4 16 . 8.9
4/18/80 — — 7 4.0 20 ' 8.0 16 6.5 23 6.5
8/26/80 26 x 16.0 30 17.0 32 14.5 16 8.1 41 13.4
Total 47 11.7 43 9.2 52 10.6 35 8.6 69 10.0
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moderate decline'in the mean number of taxa per sample in 
Ponds I, 2 and 3 during September was followed by an 
increase in mean diversity in all four ponds during Octo
ber. In contrast, the diversity of benthic organisms was 
impoverished from November 1979 to April 1980, when no 
water was entering the ponds.

An analogous pattern of seasonal abundance was 
apparent in each pond during 1979, with an initial peak 
during the summer, low densities in September and a second 
peak during October. Chironomids in all four ponds and 
oligochaetes in Ponds I and 2 conformed to this pattern 
(Figure 4). Oligochaete densities in Ponds 3 and 4 were 
more stable and did not exhibit substantial seasonal 
fluctuations. In Ponds I and 2, oligochaete densities 
peaked in August, fell to minimum levels in September and 
rebounded in October. Chironomids attained maximum summer 
densities during June and July in Ponds 3 and 4, during 
July in Pond 2 and during August in Pond I. The autumnal 
increase in chironomid densities was of short duration and 
by November most populations had stabilized at low levels.

As winter began, macroinvertebrate densities were 
minimal at most sites and organisms were concentrated in 
the deepest regions of the ponds (Table 16). Due to the 
low water levels, most substrates were dewatered' and/or 
frozen during the wintfer and were not sampled between
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Figure 4. The mean monthly density (number per square 
meter) of Chironomidae and Oligochaeta in 
benthic samples from each of the Canyon 
Ferry ponds during 1979.
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November and April. Only the deepest locations in Ponds 3 
and 4 remained inundated throughout the winter. Over- 
^fifttering populations were, for the most part, confined to 
these areas as evidenced by the reduced densities at shal
low stations in April. However, one shallow region of 
Pond 3 which had been dewatered and frozen during the 
winter supported an estimated 17,700 chironomids per 
square meter and the single sample from this location was 
excluded from Table 16. The chironomids, 97% of which 
were Paratanytarsus and Crjcotopus were evidently pro
tected from freezing by an overburden of decaying 
Potamogeton several centimeters thick. These two genera 
were the most abundant chironomids on Potamogeton during 
the summer but were not numerous in any other benthic 
samples.

Only 16 taxa were present in the six samples obtained 
through the ice. Mature specimens of four Tubificidae 
were identified and this family dominated in permanently 
inundated areas (Table 17). Procladius spp. was the most 
abundant chironomid and along with Chironomus sp. and 
Tanytarsus spp. comprised more than 85% of the winter 
chironomid fauna. Small overwintering populations of 
Cryptotendipes sp., Paracladius sp., Cricotopus sp. and 
the naidid oligochaete Dero digitata were in evidence and
single specimens of five other taxa were also collected.
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Table 16. The number of samples (n) ■ and mean density per 

square meter of macroinvertebrates at stations 
above and below the minimum winter water level 
in Ponds 3 and 4 during November 1979, March 1980 and April 1980.

POND 3 POND 4

DATE above below above below

11/10-12/79
n
Chironomidae 
Oligochaeta 
Total organisms

3/11/80
n
Chironomidae 
Oligochaeta 
Total organisms

4/17-18/80
n
Chironomidae 
Oligochaeta 
Total organisms

4 3
936 3057
732 5511

1668 8683

0 3
3186
4349
7578

3 3
502 4 2 3 8230 9085
732 13333

3 31148 . 1808
172 1277

1321 3086

0 3
2110
1708
3818

3 4
416 ■ 1249
72 1450

502 2741
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Table 17. The percentage composition of dpminanb taxa at 

stations below the minimum winter water level 
in Ponds 3 apd 4 during November 1979, March 
1980 and April 1980. Three samples per month in each pond.

DATE

TAXON November March April

Chironomidae
Procladius snr>.

Pond 3 21% 25% 25%Pond 4 33% 30% 32%Chironomus spo.
Pond 3 12% 8% 2%Pond 4 12% 8% 4%Tanytarsus s t o p .
Pond 3 1% 6% 2%Pond 4 2% 6% 2%Oligochaeta

Tubificidae
Pond 3 62% 57% 59%Pond 4 38% 41% 44%Naididae
Pond 3 1% 1% 9%Pond 4 4% 4% 9%
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Although the summer fauna was more diverse than that 

during the winter, the species which overwintered in the 
ponds predominated throughout the year. Tanytarsus spp., 
Prpcladius spp., Chironomus spp., Limnodrilus spp. and 
Tubifex spp. accounted for more than half of all benthic 
macroinvertebrates in each pond (Table 18). The relative 
abundances of the three most prevalent chironomids changed 
seasonally. Procladius spp. were prominent from September 
until June but their density declined during the summer 
except in Ponds I and 2 where temporary increases in 
abundance coincided with declining water level.
Tanytarsus spp. replaced Procladius spp. as the most 
abundant chironomid during June, July and August. Their 
density fell sharply in September and did not recover 
significantly until the following spring. Chironomus spp. 
densities reached a maxima in each pond during August and 
a higher peak occurred in Ponds 3 and 4 during June.

The density and relative abundance of Chironomidae 
subfamilies and Oligochaeta families further different
iated the benthic faunas of the ponds (Table 19). The 
highest densities of Tanytarsini and Orthocladiinae 
occurred in Pond I while Tanypodinae and Chironomini 
densities were highest in Pond 3. Tanytarsini were the 
most abundant chironomids in Ponds I and 2 and were co
dominant with Chironomini in Pond 3. In Pond 4 however.



Table 18. The mean_density of individuals per square meter and percentage numerical 
composition (in parentheses) of taxa comprising at least 5% of the fauna 
collected in Ekman samples from one or more of the Canyon Ferrv nonds between June 1979 and August 1980.

POND

TAXON

Chironomidae 
Tanytarsus spp. 
Chironomus spp. 
Procladius spp. 
Dicrotendipes sp. 
Cladotanytarsus sp. 
Cryptochirdnomus sp. 
Polypedilum spp.

Oligochaeta 
Limnodrilus spp. 
Tubifex spp. 
Ophiodonais serpintina

I 2

1914 (35%) 635 (20%)
283 (5%) 128 (5%)503 (9%) 494 (15%)200 (4%) 124 (4%)143 (3%) 184 (6%)91 (2%) 152 (5%)23 (1%) 20 (1%)

244 (4%) 287 (9%)152 (3%) 209 (7%)806 (15%) 104 (3%)

3 4

923 (9%) 86 (3%)1041 (11%) 280 (11%)
848 (9%) 452 (18%)42 (1%) 159 (6%)171 (2%) 69 (3%)77 (1%) 102 (4%)103 (1%) 150 (6%)

2455 (25%) 643 (26%)1846 (19%) - 206 (7%)422 (4%) 11 (1%)

o



Table 19. The mean density per square meter and relative abundance (percentage
of total Chironomidae) of chironomid subfamilies and tribes in benthic 
samples from the Canyon Ferry ponds between June 1979 and August 1980.

TAXON

• POND

I 2 3 4 Mean

density % density % density % density % density %

Tanypodinae 511 13 495 23 918 23 490 32 604 21
Chironomini 755 20 529 25 1355 34 757 49 849 30
Tanytarsini 2193 57 918 43 1338 34 171 11 1155 40
Orthocladiinae 387 10 170 8 323 8 129 8 252 9
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Chironomini were most abundant and Tanytarsini comprised 
a minor portion of the chironomid fauna. Tanytarsini 
relative abundances were highest in Pond I and declined 
progressively in Ponds 2, 3 and 4 while the inverse was 
true for Chironomini and Tanypodinae. Orthocladiinaef 
which were a comparatively small component of the chiro
nomid fauna/ had similar relative abundances in each pond. 
The mean densities of both oligochaete families were 
highest in Pond 3 (Table 20). Tubificids predominated in 
Ponds 2f 3 and 4 while naidids comprised 68% of the oligo- 
chaetes in Pond I.

When considered in their entirety, substantial dif
ferences in benthic macroinvertebrate associations were 
apparent between ponds. Nevertheless, sampling sites 
within each pond exhibited considerable variability and 
some stations in different ponds were quite similar. To 
evaluate the extent of variation between individual sta
tions the Czeckanowski index of similarity and the coeffi
cient of percentage similarity were employed. The 
Czeckanowski index, which utilizes presence/absence data, 
gave values ranging from 0.55 to 0.91 (Appendix Table 22). 
Similarity values generally declined with increased dis
tance between stations. Most stations had high similarity 
values when compared with Station 7 in Pond 3 and low 
affinities with Stations 5 and 6 in Pond 4? however.



Table 20. The mean density per square meter and relative abundance (percentage 
of total Oligochaeta) of oligochaete families in benthic samples 
from the Canyon Ferry ponds between June 1979 and August 1980.

POND

I 2 3 4 Mean

FAMILY density % density % density % density % density %

Tubificidae 397 32 568 62 4303 78 859 88 1532 71
Naididae 826 68 ■ 351 38 1232 22 114 12 631 29



44

distinct groups of stations were not differentiated by 
this index.

The coefficient of percentage similarity provided a ' 
wider range of values (0.20 to 0.85) and a gradation of 
station similarity was evident (Appendix Table 23). When 
incorporated in a two axis ordination, the distribution of 
stations formed two primary groups (A and B) and five 
secondary clusters (Figure. 5). At one extreme, the deep
est areas in Pond 3 (Stations 4 and 5) and Pond 4 (Sta
tions 3, 5 and 6) formed secondary clusters (B2 and B3, 
respectively). Three stations in Pond I (Stations I, 3, 
and 4), the area near the inlet in Pond 2 (Station 2) and 
a shallow location in dense Potamogeton within Pond 3 
(Station 7) comprised a cluster at the other end of the 
ordination (Al). The remaining station in Pond I (Station 
2), the area near the inlet of Pond 3 (Station I) and the 
deepest region of Pond 2 (Station 4) formed the second 
cluster in Group A..

The mean depth and Secchi disk transparency at each 
station was plotted to determine relationships between 
these environmental variables and community composition 
(Figures 6 and 7). Mean Secchi disk transparency cor
responded well to the distribution of communities and 
formed a gradient with the highest tranparencies asso
ciated with Group A and the lowest in B2. Mean depths
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SAMPLING STATIONS
POND Q  ©  ®  @

Figure 5. An ordination of community similarity showing
the distribution of stations in each pond
among community types (A and B ) in the Canyon
Ferry ponds.
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DEPTH (m)

• 0.2 5-0.74
• 0.7 5-1.24
# 1.2 5- 1.74
# 1.7 5-2 .2 4
•  2.2 5 -2.50

Figure 6. An ordination of community similarity showing
the distribution of mean depth at stations in
the Canyon Ferry ponds.



47

MEAN SECCHI DISK 
TRANSPARENCY (m)

• 0.15-0.34
• 0.3 5-0.54
• 0.5 5-0.74
# 0.7 5-1.40 e

Figure 7. An ordination of community similarity showing
the distribution of mean Secchi disk trans
parency at stations in the Canyon Ferry ponds.
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tended to c.lump within Group B with the deepest stations 
at terminal locations alohg the ordination. . The gradient 

the entire ordination, however, was weak because the 
deepest stations in Ponds I and 2 were among the Group A 
stations.

The total number of taxa and mean densities of the
most abundant taxa were examined to determine how 

they corresponded to the distribution of station groups 
(Figures 8 through 13). The total number of taxa was 
highest at stations in Group A and declined to minimum 
levels at stations located at the end of the ordination in 
Group B. Oligochaete densities showed distinct gradients 
along the ordination. Both Tubifex spp. and Limnodrilus 
spp. densities were highest at stations in Groups B2 and 
B3 and lowest at stations in Group A. The pattern of 
Chironomus spp. abundance, although less distinct, was 
similar to that of the tubificids. Tanytarsus spp. 
densities also formed a distinct gradient, but in the 
opposite direction. A gradation of Procladius densities 
was apparent but it was perpendicular to the main axis of 
the ordination. The range of Procladius spp. densities 
was similar for each cluster of stations and differences 
in their abundance were evidently insufficient to 
substantially influence the overall ordination.
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TOTAL TAXA

• 14-17
e  I8-21
# 2 2 -2 5
# 2 6 - 2 8

Figure 8. An ordination of community similarity showing
the distribution of the total number of taxa
collected at stations in the Canyon Ferry
ponds.
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LIMNODRlLUS SPR 
(N /m 2 )

• 0 - 5 0
• 51-100
• 101-200
# 2 0 1 -4 0 0
#  4 0 1 -6 0 0

Figure 9. An ordination of community similarity showing
the distribution of mean Limnodrilus spp.
density at stations in the Canyon Ferry
ponds.
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TUBIFEX SPR 
(N /m 2 )

• 1-50
• 51- 100
S 101-200
#  2 0 1 - 4 0 0

Figure 10. An ordination of community similarity showing
the distribution of mean Tubifex spp. density
at stations in the Canyon Ferry ponds.
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• •

CHIRONOMUS SPR 
( N/m2 )

• 1 -5 0
e 5 1 - 1 0 0
S  101-200 •

--------------------------------------------- --- -------ft

Figure 11. An ordination of community similarity
showing the distribution of mean Chironomus
spp. density at stations in the Canyon Ferry
ponds.
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TANYTARSUS SPR 
_____(N/m2 )

• 1-50
• 51-100
e  101-200
# 2 0 1 - 4 0 0
•  4 0 1 - 6 0 0

Figure 12. An ordination of community similarity
showing the distribution of mean Tanytarsus
spp. density at stations in the Canyon Ferry
ponds.
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PROCLADIUS SPR 
(N/m2 )

• 1 - 5 0
• 51 -1 0 0
S 101-200
#  2 0 1 - 4 0 0

Figure 13. An ordination of community similarity
showing the distribution of mean Procladius
spp. density at stations in the Canyon Ferry
ponds.



DISCUSSION

The number and diversity of macroinvertebrates inhab
iting a water body are influenced by numerous interacting 
environmental factors. The Canyon Ferry ponds shared many 
ecologically important features due to similar origin, 
proximity, common water source and uniform size. Further
more, each pond was exposed to the same climatic condi
tions and colonizing species. Despite these constant 
features, the density and composition of macroinverte
brates were significantly different among ponds. The 
observed disparities were attributed, primarily, to 
differences in water clarity, amplitude of water level 
fluctuation and extent of vegetation (which was also 
regulated by the other two factors).

Macroinvertebrate abundance and diversity in each 
pond were influenced by all three factors; however, the 
relative importance of .each factor varied from pond to 
pond. In Pond 4, excessive turbidity resulted in the ■ 
relatively impoverished flora and fauna while the high 
density and diversity of macroinvertebrates in Pond 3 was 
associated with profuse stands of aquatic vegetation. In 
Ponds I and 2, the extensive water-level fluctuations 
during the summer and complete dewatering during the
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winter was detrimental to macroinvertebrates.

Water clarity, or conversely, turbidity and assoc
iated sediment deposition substantially influence the 
density and variety of macroinvertebrate populations. In 
extremely turbid water, reduced respiratory or feeding 
efficiency may eliminate some species (Oschwald 1972). In 
most lentic habitats however, suppressed primary produc
tion resulting from reduced light penetration may be the 
principle mode by which turbidity influences aquatic 
macroinvertebrates. Reduced algal and macrophyte produc
tion result in diminished food availability (U. S. E. P.
A. 1976) and Krull (1970) has documented the importance of 
macrophytes as habitat for many invertebrates. Sediment 
deposition associated with elevated turbidity also impacts 
benthic organisms by blanketing the substrate and hence, 
reducing habitat diversity and eliminating periphyton 
(Bosenburg and Snow 1975).

Hynes (1966) considered the elimination of intolerant 
species and reduced populations of some tolerant species 
without appreciable compensation by new species as the 
primary consequences of increased turbidity on macroin
vertebrates. When compared with the less turbid ponds, 
the deleterious affects of turbidity were clearly manifest 
in Pond 4. ' The mean density and diversity of benthic and 
nektonic organisms were lowest in Pond 4, as was the
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total number of taxa collected in Ekman and sweepnet 
samples. An analogous pattern of faunal reduction was 
evident in Pond 2 when compared with the least turbid pond 
(Pond I) which hud a similar amount of submerged vegeta
tion and water level fluctuation. Secchi disk trarispar-. 
ency in Pond I was two to four times greater and the mean 
density of organisms inhabiting the water column was more 
than double that in Pond 2. Similarly, the mean benthic 
density and the total number of taxa were approximately 60 
and 20% higher respectively, in Pond I than in Pond 2.

The effects of fluctuating water level on macroin
vertebrates vary with their ability to follow receding 
water levels, withstand desiccation and quickly recolonize 
areas upon refilling (Raster and Jacobi 1978). Organisms 
without special adaptations to survive dry periods■are 
poorly represented in water bodies experiencing periodic 
exposure of the littoral zone. Grimas (1965) found that 
Ephemeroptera, Trichoptera, Amphipoda and Gastropoda were 
seldom important constituents of the fauna under these 
conditions. As was the case in the Canyon Ferry ponds, 
Diptera and Oligochaeta typically dominate in lakes with 
fluctuating water levels (Benson and Hudson 1975).

Although macroinvertebrate density and diversity were 
substantially different between Ponds I and 2, there was a 
similar response by organisms in each pond to declining
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water-level. An acute reduction in water level between 
July and August in Pond I and between August and September 
in Pond 2 paralleled a dramatic decline in neuston 
inhabitants. The most notable reduction occurred among 
adult corixids and beetles which, presumably, emigrated 
from the ponds. The density of most benthic organisms 
also declined during these periods; however, the total 
density of benthic chironomids was elevated due to a 
substantial increase in Procladius spp. Procladius larvae 
are freeliving, highly mobile organisms which commonly 
enter the water column (Davies 1976) and evidently became 
concentrated in the remaining water.

The ability of Procladius spp. larvae to avoid 
stranding may, therefore, be a significant reason for 
their success in the Canyon Ferry ponds. Among the 
Chironomidae, Procladius had the largest overwintering 
population and their density at this time may have 
reflected migration to deeper water as the water level 
receded during the autumn. No other macroinvertebrates 
exhibited a propensity to migrate with declining water 
level and populations were severely diminished in 
dewatered areas during both the summer and winter.

The impacts associated with receding water level 
are also affected by the timing and duration of the 
fluctuation as well as the prevailing climatic conditions.
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Fillion (1967) reported no appreciable change in the 
number of chironomids surviving in exposed substrate for 
up to 85 days during the spring in Barrier Reservoir in 
Alberta. Survival of a considerable portion of the chiro
nomids exposed by drawdowns after extensive ice formation 
have been reported by Danell (1982) and Grimas (1961). 
Conversely, more than 90% mortality has been found during 
the winter in areas exposed by fall drawdowns (Raster and 
Jacobi. 1978; Paterson and Fernando 1969).

The paucity of organisms in recently inundated re
gions of the ponds during April of 1979 and 1980 indicated 
that few macroinvertebrates survived in substrate de
watered the previous winter. Slightly higher densities 
were found in these areas during 1980 than in 1979 which 
may be attributable to increased survival during the 
►warmer winter. Air temperature averaged 8 C warmer during 
the winter of 1979-80 than during the previous winter 
(U. S. G. S. 1980 and 1981).

Water level fluctuation,, in addition to depopulating 
affected areas, influences aquatic organisms by altering 
other facets of the environment. McAfee (1980) cited 
increased turbidity due to resuspension of silt from ex
posed shorelines, by wave action as one consequence of 
fluctuating water levels. Seasonal water level reductions 
also result in simple plant communities (Driver 1977) and
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frequent changes in water level tend to eliminate macro
phytes from the zone of fluctuation (Quennerstedt 1958).

The extensive stands of Potamogeton in Pond 3 sup
ported a rich and varied macroinvertebrate fauna which was 
poorly developed in the other ponds. Aquatic macrophytes 
enhance macroinvertebrate abundance and diversity by 
providing habitat and attachment sites extending into the 
water column and by increasing the surface area available 
for periphyton (Driver 1977). Benthic organisms also 
flourished in Pond 3 due to increased food availability in 
the form of decaying Potamogeton.

The Canyon Ferry ponds supported a relatively simple 
macroinvertebrate community consisting of four overlapping 
assemblages of organisms. Phytophilic organisms were 
concentrated in Pond 3, although their abundance in the 
other ponds increased considerably from 1979 to 1980.
While naidid oligochaetes and the dipterans Cricotopus sp. 
and Paratanytarsus sp. predominated in this habitat, all 
other insect orders attained their greatest abundance in 
vegetated habitats. The assemblage of corixid species 
were the only abundant macroinvertebrates of the nekton. 
Corixids were most numerous in the clear water of Pond I 
and in Pond 3, where they exhibited an affinity for 
vegetation. Benthic organisms formed two major groups. 
Chironomus spp. and tubifields dominated at the deeper,
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more turbid stations while in less turbid locations a more 
diverse fauna occurred, typically dominated by Tanytarsus 
spp. At most stations, where depth and turbidity were 
intermediate, the two assemblages overlapped.

Waterfowl rely on insects to provide needed protein 
during egglaying and hatching. Collias and Collias (1963) 
considered the first two weeks after hatching as the most 
critical period for ducks. In the Canyon Ferry ponds, the 
availability of most aquatic macroinvertebrates was low at 
this time. Phytophilic and nektonic organisms were not 
abundant until midsummer. Similarly, benthic organisms 
were not well established in shallow regions of the ponds 
until June. While the initial generation of chironomids 
from these areas could be utilized by young ducks and 
geese, chironomids overwintering in the deep areas of the 
ponds were probably more important to waterfowl. Thus, 
waterfowl would benefit by maintaining the water level 
until the ponds had frozen and.refilling them as early as 
possible in the spring. These measures would increase 
overwintering populations of chironomids and enhance their 
abundance throughout the1 ponds during the spring and early 
summer when they would be available to young ducks and
geese.



LITERATURE CITED



63

LITERATURE CITED

Aggus/ L. R. 1971. Summer benthos in newly flooded areas 
of Beaver Reservoir during the second and third years 
of filling. Pages 139-152. In: Hall, G. E. (ed.). 
Reservoir Fisheries and Limnology. Spec. Publ. Am. 
Fish. Soc. No. 8., Wash., D.C.

American Public Health Association. 19-71. Standard
methods for the examination of water and waste water. 
13th Ed. APHA., New York. 874 pp.

Armitage, P. D. 1977. Development of the macro
invertebrate fauna of Cow Gre^n reservoir (Upper. 
Teesdale) in the first five years of its existence. 
Freshwater Biol. 7:441-454.

Beals, E . W. 1960. Forest bird communities in the 
Apostle Islands of Wisconsin. Wilson Bull.
72: 156-181.

Benson, N. G. and P. L. Hudson. 1975. Effects of reduced 
fall drawdown on benthos abundance in Lake Francis 
Case. Trans. Am. Fish. Soc. 104:526-528.

Brinkhurst, R. 0. and B. G. M. Jamieson. 1971. Aguatic 
Oligochaeta of the world. Oliver and Boyd,
Edinburgh. 860 pp.

Brown, H. P. 1972. Aquatic dryopoid beetles.(Coleoptera) 
of the United States. U.S. Environmental Protection 
Agency, Cincinnati, Ohio. 82 pp.

Burris, W. E. 1952. The bottom fauna of a newly
constructed pond in central Oklahoma. Proc. Okla.- 
Acad. Sci. 33:129-136.

Clifford, H. T. and W. Stephenson. 1975. An introduction 
to numerical classification. Academic Press Inc.
New York. 229 pp.

Collias, N. E . and E. C. Collias. 1963. Selective
feeding by wild ducklings of different species.
I Wilson Bull. 75:6-rl4.



64

Danellz K. 1981. Overwintering of invertebrates in a 
shallow northern Swedish lake. Int. Revue ges.' 
Hydrobiolj. 66:837-845.

Danellz K. and K. Sjoberg. 1977. Seasonal emergence of 
chironomids'in relation to egglaying and hatching of 
ducks in a restored lake. Wildfowl. 28:129-135.,

Daviesz B. R. 1976. The dispersal of Chironomidae
larvae: a review. J. Ent. Soc. South Afr. 39:39-62.

Driver, A. 1977. Chironomid communities in small prairie 
ponds: some characteristics and controls. Freshwater 
Biol. 7:121-133.

Eriksson, M. 0. G. 1978. Lake selection of Goldeye 
ducklings in relation to the abundance of food. 
Wildfowl. 29:81-85.

Billion, D. B. 1967. The abundance of benthic fauna in 
three mountain reservoirs on the Kananaskis River■in 
Alberta. J. Appl,. Ecol. 4:1-11.

Grimas, U. 1961. The bottom fauna of natural and
impounded lakes in northern Sweden. Rep. Inst. 
Freshwat. Res. Drottningholm. 42:183-237.

Grimas, U. 1965. The short term effect of artifical
water-level fluctuations upon the littoral fauna of 
Lake Kuttsjon, northern Sweden* Rep. Inst. Freshwat. 
Res. Drottnongholm. 46:22-30.

Hilsenhoff, W. L. 1975. Aquatic insects of Wisconsin. 
Tech. Bull. No. 89. Dept. Nat. Res., Madison.
52 pp.

Hiltunen, J. K. and D. J. Klemm. 1980. A guide to the
Naididae (Annelida: Clitellata: Oligochaeta) of North 
America. U. S. Environmental Protection Agency,
,Cincinnati, Ohio. 46 pp.

Hynes, H. B. N. 1966. The biology of polluted waters. 
Liverpool Univ. Press. 202 pp.

Raster, J. L. and G. Z. Jacobi. 1978. Benthic
macroinvertebrates of a fluctuating reservoir. 
Freshwater Biol. 8:283-290.



65

Krullz J. N. 1970:. Aquatic plant-macroinvertebrate 
associations and waterfowl. J. Wildl. Mgmt. 
34:707-718.

MacLachlanz A. J. 1970. Some effects of annual 
fluctuations in water level on the larval 
chironomid communities of Lake Kariba.
J. Anim. Ecol. 39:79-90.

Mason, W. T . 1973. An introduction to the identification
of chironomid' larvae. U. S. Environmental Protection 
Agency, Cincinnati, Ohio. 90 pp.

McAfee, M. E. 1980. Effects of water drawdown on the 
fauna in small cold water reservoirs. Water 
Resources Bul. 16:690-696.

Nursall, J . R. 1952, The early development of bottom
fauna in a new power reservoir in the Rocky Mountains 
of Alberta. Can. J. Zool'. 30:387-409.

Oliver, D. R., D. McCymont and M. E. Roussel. 1978. A
key to some larvae of Chironomidae (Diptera) from the 
Mackenzie and Porcupine River watersheds.
Environment Canada, Fisheries and Marine Serv. Tech. 
Rep. No. 791. 73 pp.

Oschwald, W. R. 1972. Sediment-water interactions.
J. Environ. Qual. I:360-366.

Paterson, C. G. and C. H. Fernando. 1969a. The macro
invertebrate colonization of a small reservoir in 
eastern Canada. Verb. Internat. Verein. Limnol. 
17:126-136.

Paterson, C.'G. and C. H. Fernando. 1969b. The effects 
of winter drainage on reservoir benthic fauna.
Can. J. Zool. 47:589-595.

t 1Pennak, R. W. 1978. Freshwater invertebrates of the‘ 
United States. 2nd Edition. Wiley-Interscience,
New York. 803 pp.

Petr, T. 1971. Establishment of chironomids in a large 
tropical man-made lake. Can. Ent. 103:380-386..

Quennerstedt, W. R. 1958. Effects of water level
fluctuation on lake vegetation. Verh. Internat. 
Verein. Limnol. L 13:901-906.



66
Roemhild, G. R. 1975. The damselflies (Zygoptera) of 

Montana. Mont. Ag. Exp. Sta. Res. Rep. No. 87. 
Montana St. Univ., Bozeman. '53 pp.

Roemhild,, G. R. 1976. Aquatic Heteroptera (true bugs) of 
Montana. Mont. Ag,., Exp. Sta. Res. Rep. No. 102. 
Montana St. Univ,, Bozeman. 69 pp.

Rosenburg, D. M. and N. B. Snow., 1975. Ecological
studies of aquatic organisms in the Mackenzie and 
Porcupine River drainages in relation to 
sedimentation. Can. Fisheries and Marine Serv.
Tech. Rep. No. 547. 86 pp.

Street, M. 1977. The food of Mallard ducklings in a wet 
gravel quarry, and its relation to duckling survival. Wildfowl. 28:113-125.

Street, M. 1978. The role of insects in the diet of 
Mallard ducklings : an experimental approach. 
Wildfowl. 29:93-100.

Swanson, G. A. and J., R,. Serie. 1979. Foods of laying
female dabbling ducks on the breeding grounds. Pages 
47-57. In: Bookhout, T. A. (ed.). Waterfowl and
Wetlands - An intigrated review. Proc. Symp. North 
Cent. Sect., The Wildlife Soc.

i
United States Environmental Protection Agency. 1976. 

Quality Criteria for Water. U. S. Govt. Printing 
Office, Wash. D.C. 256 pp.

United States Geological Survey. 1980. Water resources
data for Montana, water year 1979. Vol. I: Hudson 
Bay and Missouri River Basins. U.S.G.S. Wat. Data 
Rep. MT-79-I. 842 pp.

United States Geological Survey. 1981. Water resources
data for Montana, water year 1980. Vol. I: Hudson 
Bay and Missouri River Basins. U.S.G.S. Wat. Data 
Rep. MT-79-1. 651 pp.

Whittaker, R. H. 1975. Communities and ecosystems. 2nd 
Edition. Macmillian Press. New York. 375 pp.



APPENDIX



68
Table 21. A checklist of aquatic macroinvertebrates in 

the Canyon Ferry ponds and their frequency 
of occurrence in 106 Sweepnet and 170 Ekman 
samples between June 1979 and August 1980.

FREQUENCY OF 
OCCURRENCE

TAXON Sweepnet Ekman

Coelenterata
Hydridae

Annelidae
Oligochaeta
Tubificidae

Naididae

Hydra sp.

(inmature)
Limnodrilus claperidianus 
L. hoffmeisteri 
L. spiralis 
L. udekemianus 
Peroscolex multisetosus 
Potamothrix veidovski 
Tubifex spp.
Dero digitata 
Nais sp.
N. variablis 
Ophiodonais serpintina 
Stylaria lacustris 
Uncinais uncinata

Hirudinea
Glossiphoniidae

Crustacea
Amphipoda
Decapoda
Isopoda

Hydracarina
Insecta

Collembola
Poduridae

Ephemeroptera
Baetidae
Ephemerellidae 
Caenidae 

Odonata 
Aeshnidae 
Libellulidae

Helobdella stagnalis 
Hyallela azteca 
Asellus sp.

Podura sp.
Baetis sp. 
Callibaetis sp. 
Ephemerella sp. 
Caenis sp.
Aeshna sp. 
Libellula sp. 
Sympetrum sp.

6

I
O
O
O
O
O
O
O
O
O

19
29
0 
9
3

29
1 
9 
I

2
6

32
10
10
I

15
4

I

88
5

26
I

18
I
I

20
39
11
25 
29
3

26 
I
I
0
1

21

0
1 
3
0
1
0
1 
O
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Table 21 (continued)

FREQUENCY OF 
OCCURRENCE

TAXON Sweepnet Ekman

Lestidae Lestes so. I ' OCoenagrionidae Amphiagrion so. I OEnallagma so. 5 OIshnura so. 15 Iimiptera
Gerridae Gerris comatus 3 OG. incurvatus I OCorixidae (nymphs) 48 2Cenocorixa wileyeae 23 OC. hungerfordi 6 QC. utahensis 4 OCorisella decolor 13 OHesperocorixa laevigata 6 OH. vulgaris 2 OSigara alternata 12 OS. grossolineata 32 OTrichocorixa verticalis I ONotonectidae Notonecta spinosa I ON. undulata 3 OMesoveliidae

Trichoptera
Mesovelia so. 2 O

Hydropsychidae Hydropsyche sp. 2 OHydroptilidae Agraylea sp. 14 3Brachycentridae Brachycentrus sp. I OLimnephilidae Limnephilus so. 4 OLeptoceridae Nectopsyche sp. 3 IOecetis sp. 5 2Coleoptera
Gyrinidae Gyrinus so. 2 OHaliplidae Haliolus so. 7 IPeltodytes so. I ■ ODytiscidae Agabus sp. 8 OColymbetes so* I .0-Deronectes sp. I OHydrophorus sp. 4 OHydrovatus sp. 4 OLaccophilus sp. 14 I
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'Table 21 (continued)

FREQUENCY OF 
OCCURRENCE

TAXON Sweepnet Ekman

Hydrophilidae

Elmidae
Diptera
Tipulidae

Culicidae
Ceratopogonidae
Chironomidae
Tanypodinae

Chironominae
Chironomini

Berosus sp. I OEnochurus sp. I OHelophorus so. 6 OTropisternus sp. 2 ODubiraphia sp. 15 4
Erioptera sp. I OHexatoma sp. 3 OTipula sp. I O
Aedes dorsalis 2 OBezzia s p p . 51 16
Ablabesmyia spp. I 3
Macropelopia s p . I I
Procladius s p p . 21 84Tanypus sp. I I
Chironomus son. 11 67
Cryptochironomus spp. 8 43
Cryptotendipes sp. I 44
Dicroteridipes sp. 27 27
Endochironomus sp. 4 O
Glyptotendipes sp. 7 2
Harnishia sp. O ■ 35
Microtendipes sp. 4 2
Parachironomus sp. O 4
Paracladopelma spp. O 13
Phaenopsectra sp. O 12
Polypedilum spp. I 25
Cladotanytarsus spp, 13 50
Paratanytarsus sp. 18 29
Rheotanytarsus sp. O I
Stempellina sp. O 10
Stempellinella sp. O I
Tanytarsus spp. 26 73

Tanytarsini
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Table 21 (continued)

TAXON

FREQUENCY OF 
OCCURRENCE

Sweepnet Ekman

Orthocladiinae Corynonuera sp. 5 2Cricotopus s p p . 52 33Nanocladius sp. O IOrthocladius s p p . O 6Paracladius sp. 12 35Parakiefferiella sp. O 7Psectrocladius spp. 8 15- Psuedosmittia so. O 2Rheocricotopus sp. O 2Diamesinae Diamesa sp. 2 2Odontomesa sp. O 2Pagastia sp. O IPotthastia sp. I OStratiomidae Stratiomys sp. I ODolchopodidae 8 IEmpididae Chelifera sp. 3 ISyrphidae Eristalis sp. I OMuscidae Lispe sp. 7 OGastropoda
Physidae Physa sp. 40 2Lymnaeidae Lymnaea sp. 5 OPlanorbidae Helisoma sp. I OGyraulus sp. 31 . 7Pelecypoda
Sphaeriidae Sphaerium .sp. O I
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Table 22. Czeckanowski index of similarity (S) values for 
benthic sampling stations in the Canyon Ferry 
ponds from:June to November 1979.

CZECKANOWSKI INDEX OF SIMILARITY

Pond I

STATION I 2 3 4

Pond I 1
2 
3

.84 .82 .77
.79 .78

.80
Pond 2 I

2
3
4

.85

.79

.79

.73

. 83 

.71 

.71 

.74

. 84 

.83 . 88 

.81

.79 

. 82 

.77 

. 85
Pond 3 I

2
3
4
5
6 
7

. 84 

. 85 

.78 

.65 

.68 

.77 

. 8 2

.69

.70

.70

.59

.63

.68

.76

.83 

.84 . 86 

.78 

.81 

.90 

.91

.74 

.79 

.80 

.71 

.80 

.79 

. 86
Pond 4 I

2
3
4
5
6

.78

.68

.65

.68

.60

.62

.70

.63

.65

.63

.59

.56

..81

.81

.78

.76

.72

.74

.65

.74

.71

. 6 9

.59

.55
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Table 22 (continued)

Pond 2 ’

STATION ' '

Pond 2 I
2 
3

Pond 3 I
2
3
4
5
6 
7

Pond 4 I
2
3
4
5
6

I 2 3 4

.77 .77 .80- . . 80 .78
— . 83

,78 .77 .81 .75, 83 .77 . 86 . 80, 80 .78 .83 .8172 .63 .74 .7875 .72 .78 .7679 .77 ’ .87 . 8085 . 84 . 88 . 86
76 .73 . 88 .7675 .72 .83 .8672 .74 . 86 .8370 .61 . 83 .7667 .63 .74 .7263 .71 .76 .69
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Table 22 (continued)

STATION

* Pond 3

I 2 3 4 5 6 7

Pond ■ 3 I IOCO . 88 .71 .74 .78 .842 - .89 .77 . 80 .84 .893 - . 83 . 86 .90 .914 - .84 . 82 .795 - .86 .826 - .90
Pond 4 I .75 .76 .71 .67 .65 .80 .772 .74 . 80 .81, .90 ■ . 8 1 .80 .823 .71 .77 .78 . 80 .77 .76 .794 .74 . 80 .76 . 8 3 .75 .80 .775 .67 .67 .67 .73 .71 .71 .746 . 6 8 . 6 8 .74 .76 .73 .73 .70

STATION

Pond 4

I 2 3 4 5 6

Pond 4 I .76 .78 .81 .78 .742 - , 9 0 . 88 .84 .803 - .84 .80 .764 - .84 .735 — .83
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Table 23. Coefficient of percentage similarity (PS)
values for benthic sampling stations in the 
Canyon Ferry ponds from June to November 1979.

COEFFICIENT OF PERCENTAGE SIMILARITY

:
Pond I

STATION I 2 3 4

Pond I 1
2 
3

.59 .65 .66
.46 .47

.81
Pond 2 I

2
3
4

.44

.66

.49

.55

.60

. 4 3

.59

.53

.40

.65

.44

.54

.49

.59

. 3 9

.52
Pond 3 I

2
3
4
5
6 
7

.53 .56 

.41 .64 

.46 .54 

.21 .42 

.24 .45 

.44 .47 

.57 .49

. 5 9 . 6 0

.46 .46 

.45 .38 

. 2 6 .29 

. 2 9 .33 

.40 .38 

.58. .55
Pond 4 I

2
3
4
5
6

. 2 9  

. 33 

.33 

.39 

. 29 

.27

. 3 8

.52

. 4 0

.53

.35

.35

.27 

. 34 

. 28 

. 3 9  

.24 

.25

.39

.40

. 2 9

.36

.24

.26
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TABLE 23 (continued)

Pond 2,

STATION 1 2  3 4

Pond 2 • I 
2 
3

.40 ' .49 .44
.54 .72

.59
Pond 3 I

2
3
4
5
6 
7

.49

.62

.57

.52

.55

.47

.42

.55 

.39 

.43 

.22 

. 26 

.56 

.62

.50

.58

.67

.54

.58

.68

.42

.56

.51

.51

.33

.37

.69

.49
Pond 4 I

2
3
4
5
6

.47 

.57 

. 37 

.53 

. 33 

.37

.21

.32

.45

.41

.41

.37

.34

.59

.64

.69

.60

.61

.35 

.48 

. 64 

.58 

.59 

.50
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Table 23 (continued)

Pond 3

STATION 1 2 3 4 5

Pond 3

Pond 4

1
2
3
4
5
6

.68, .52
.65

.38

.57

.62
.41
.60
.65
.85

.46

.52

.67

.45

.50

.62 

.40 

.40 

.23 

. 28 

.40
1 .44
2 .45
3 .40
4 . . 4 6
5 .37
6 .40

.50 .39 

.60 .56 

.50 .58 

.63 .62 

. 4 6 .56 

.56 .66

.33 . 3 4  

. 4 7 .52 

.53 .53 

.47 .55 

. 6 0 .57 

.72 .69

.35 .27- 

.54 .31 

.70 .25 

.55 .36 

.62 .20 

. 6 2 .20

Pond 4

STATION 1 2 3 4 5

pond 4 I - .56 .47 .48 .37 .33
2 - .60 .78 .49 .48
3 .65 .84 .71

.55 .54
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