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ABRSTRACT

The zaquatic macroinvertebrate communities of the thermal gradients
produced by the Ringling-Drumheller, Horris and Potosi hot springs were
investigated in 1974 and 1975, The three thermal gradients differed in
chemical compesition, size and age, Macroinvertebrate samples were
collected with Surber and Hester-Dendy samplers and an Ekman grab.

Macroinvertebrate life was excluded by temperatures in excess of
40°C. The communities typical of high thermal regimes appeared to be
formed by an exclusion, rather than addition, of genera or species as

temperature increased.

Macroinvertebrate numbers, taxa and biomass were found to be
negatively correlated with temperature. Despite the observed depres—
sion of standing crop at elevated temperatures, higher substrate
colonization rates and larger sizes of gelected taxa at higher tempera-
tures sugpested that production rate may increase with temperature.

Data compiled at the genus-species level indicated thar most forms
were eurythermal. Cold, hot and intermediate stencthermal forms were
also observed. The eurythermal group was further analyzed to vield
patterns of cold preference, warm preference, preference for intermedi-
ate temperatures or a lack of preference within broader ranges of
tolerance.

Abundance at the totsl, ordinal and genus-species levels was
affected by an interaction betwsen temperature and season. Patterns
of abundance did not respond the same for all levels of temperature
when taken over all seasonal levels.

Data suggest community avoidance of, rather than adsptation ro,
high temperatures at a rvelatively small thermal plume. 1t was specu-
lated that longer adaptation time resulted in a higher thermal toler-
ance for invertebrate communities at Porosi than at Ringling although
this higher tolerance may have been influenced by differences in water
chemistry or staebility of thermal regime. Data further suggest a
higher thermal tolerance for communities of pools or slower flows than
for riffle communities,



INTRODUCTION

Environmental temperature has long been considered one of the most
important factors affecting life in the aguatic ecosystem. Aquatic
communities from similar habitats within similar latitudinal, longitud-
inal and elevational regions would be expected to be subject toc a

similar set of thermal regimes. In recent vears, blclogists have

become increasingly concerned with the upward slteration of many of
these thermal regimes due to human activities. The primary focus of
this concern has been on heated effluents produced by cooling waters
discharged from fossil fuel and nuclear-powered electrical generating

plants.

Krenkel and Parker {(1989) predicted that increased needs for
electrical genevation would require that approximateiy cne-fifth of the
total surface runoff of the contiguous United States would be regulred
for cooling purposes by 1880, This amount could be reduced by the

increased use of cooling towers and closed cooling systems; however,
these systems could pose an additional threat through their consumptive
use of water, The thermal problem could be aggravated by an impending
shortage of fogsil fuels because nuclear-povered generating plants
produce larger amounts of waste heat than fossil fuel plants (Krenkel
and Parker 19693},

Concern over possible effects of waste heat on aguatic communities

has led to many investigations of effects of increased heat on benthic

macroinvertebrates. Laboratory studies have been conducted on
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metabolic effects (Newell 1973, Vernberg and Vernberg 1974), lethal
limits (Gaufin and Hern 1971, Martin and Gentry 1974, Hebeker and Lenke
1968), growth and development (Lutz 1968, Nebeker 1973, Hewell 1975)
and emergence {Nebeker 1971a). However, application of laboratory
results to field situations should be done with caution (Lehmkuhl 1974,
Wurtz and Renn 1963).

Numerous field studies have been conducted on thermal effluents
produced by power plants. Thermal effects on drife, development,
emergence, distribution and abundance of macroinvertebrates have all
been investigated below power plant discharges. Much of this litera-
ture has been reviewed on an annual basis {(Coutant and Talmage 19753,
Coutant and Pfuderer 1974, Coutant and Pfudever 1973, Coutant and
Goodyear 1972). Many of these studieg have beoen complicated, however,
by sampling difficulties due to substrate and depth differences
(Masengill 1976}, variable thermal regimes due to power plant opera—
tional requirements (Wurtz and Renn 1965}, the presence of other forms
of pollutants (Langford 1971, Wurtz 1969) and relatively small eleva-
tions in tempersture (Wurtz 19643,

Relatively little work has been done on natural thermal effluents
produced as a result of hot spring or geyser activity. Hot springs
have been defined as those issuing at or above 38°C {Mariner et al.
1976). Some descriptive work has heen done on macroinvertebrates

inhabiting hot springs (Brues 1924 and 1932, Mason 1939, Provonsha and



McCafferty 1977, Robinson and Turner 1975, Stoper 1923). Uork on
macroinvertebrate distribution, abundance and production has been done
on two rivers, the Firehole and Gibbon in Yelluwstone National Park,
which receive natural thermal effluents (Armitage 1958 and 1961, Jones
1567, Vincent 1968},

Discharges of hot spring effluents into small spring streams
provide unique situations for the study of thermal effects on macro-
invertebrates. Advantages lie dn the stability of the thermal gradi-
ent produced, the ease of sampling due to small size and the long
adaptation time lavolved {(Brock 1967}. Three such heated springs in
southwestern Montana provided an opportunity to compare distribution,
abundance, development and production of macroilnvertebrates in thermal
gradients ranging in temperature from approximately 45°C down to

normal ambient remperatures.



DESCRIPTION OF BTUDY AREAS

Three southwest Montana hot springs were Investigated during the
course of the study: the Ringling-Drumheller Well, the Norris Hot
Spring and the Potosi Hot Spring. All waters under study were small
spring streams, 1 to 4 meters wide. Streams of this size and origin
belong to the rheccrene in the classification of Illies {Hymes 1970).

The most intensive study was conducted on the Ringling-Drumheliler
Well and its resultant thermal plume in the south fork of the Smith
River. This well is located in western Meagher County, Montana
{SE 1/4, NE 1/4, Sec. 25 T7/N R7E) in a semi-avid region with 47 cm of
precipitation per vear and an average annual temperature of 5.4°C
(Groff 1965). The Ringling well had an uvnusual man-made origin. It
was formed in September, 1929 when an attempt to drill for oil pro-
duced hot water.

The spring originates at a surface elevation of 167.4 m {5500 £}
with a discharge of approximately .05 m3 secﬂl (1.8 ofs). A discharge
of this magnitude places the Ringling well among the larger hot
springs of Yellowstone Natilonal Park {Allen and Day 1%353). Tempera-
ture of the spring at the outflow ranged from 43 to 47°C during the
study period. The hot arvrteslan water is believed to acquire its heat
from deep circulation in the cave forming zone or a deep fault or
fissure and originates in Devonlan limestone over dolomite {(Groff

19653 .
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The hot stream flows down a moderate gradient for approzimately
500 m where it mervges with the upper south forvk of the Smith River
vroducing elevated temperatures which are measurable for approximately
? km dowmstream. The combined effects of the elevated temperature
and the larger volume of the hot spring as compared to the receiving
stream {(Table 1} acts to produce this relatively larvge thermal plume,

Table 1. Mean discharges at low {(summer and fall) flows of the hot
springs and theilr recelving streams at Ringling and Norris.

Hot Spring §. Fk. Smith River
3, 3
Ringling 0530 w7 /eec 027 m /sec
{(1.80 cfs} (.98 cfs)
Hot Spring Hot Spring Creek
Norris .008 mBngc . 200 mesec
{,31 cfa) {7.12 ofa)

Eight biological sampling statlons were selected along this
thermal gradient based on temperature differences (Fig., 1). Maximum,
minimum and mean observed tempervatures are listed in Table 2. BSitss
5, 4 and 3 were located within the flow of the hot spring, 8Site 2 was
located above the inflow of the hot spring and Sites 1, 6, 7 and 8 were
iocated in the Smith River helow the Inflow of the hot spring. Sites

7 and 8 were the upper and lower cold water references, respectively.

These two sites became cold enocugh in winter to be largely ice covered
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Figure 1. Map of Ringling study area showing macroinvertebrate sample
sites.
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8
and frazil or slush ice was observed during the winter of 197475 ar
Site 8. All other sites were considered hot or warmer than ambisnt.
An apnual temperature profile for some of these sites ig given dn
Appendix Table 27.

Each sample site was divided into an erosional {riffle} and a
depositional (pool) area. The riffles were characterized by fast
flows (.30-1.22 m/sec), shallow depths (5-15 cm) and a rubble or cobble
substrate bearing filamentous green or, in upper hot spring sites, blue
green algae. The pools were characterized by slower flows, deeper
water (15-50 cm) and a substrate composed of silt, sand and detritus
with some larger algae (Chara or Nitella) and a few macrophytes.

Chemical data (Table 3) show that the Ringling hot spring is a
caleium, magnesium, bicarbonate and sulphate spring. ?his corresponds
to the rarest of the major types of hot spring found in Yellowstone
National Park (Allen and Day 1935). The Smith River above the inflow
of the hot spring is a calcium, sodium and bicarbonate water. The
effect of the Ringling hot spring is to increase the importance of
calcium, magnesium and sulphate and decrease the importance of sodium
and chloride in the Smith River. The system is characterized by nigh
alkalinities and conductivities throughout. Mean dissolved oxygen
jevels (Table 4) decrease with increasing temperatures. Chemical and
physical parameters measured in the hot spring and the Smith River at

Ringling compare favorably with data compiled by Groff {1963} and L.
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Table &. Mean dissolved oxygen levels (mg/l) at Ringling, Norris and
Potosi.

Sample Site

RINGLIRG 5 & 3 i 5 7 8 2

3.9 5.4 6.6 7.7 8.6 9.5 9.8 9.0

NORRIS 6 5 3 2 1 4

4.9 5.1 6.5 8.6 106.G 10.0

POTOSI 2 1 3 4 5

5.6 6.3 7.1 7.5 7.8

Bahls (unpublished data, Mont. Dept. Health and Env. Sci., Belena,
Mont.).

Norris Hot Spring is located in eastern Madison County, Montana
at £ 1/2 Sec. 14 T38 RIW. The spring originates atf a surface eleva—
tion of approximately 1463 m (4800 ft) with a discharge of 530 1 miﬁwl
(.31 cfs) and a temperature of 49-52°C. The spring is believed to
originate in Precambrian gneiss (Mariner et al, 1976)., From its out-
flow, the spring flows directly into & large plank-1lined pool where
rhe water undergoes radiative heat loss, cooling to approximately 38°C
when it leaves the pool., The hot stream flows down a gentle gradient
for approximately 100 m undergoing little further cooling until it

merges with Hot Spring Creek producing a very small thermal plume. The
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plume attains a maximum width of about 1.5 m and a length of about 5 m
tapering gradually downstream as the cold water forces the warm to
shore. 1In contrast to the gituation at Ringling, a relatively small
volume of hot water enters the much larger Hot Sprimg Creek at Norris
resulting in a smaller thermal plume (Table 1).

A series of six sampling statioms were selected at Norris, again,
based on thermal differences (Fig. 2, Table 2). Sites 6 and 5 were
located within the hot spring channel, Sites 3 and 2 were located
within the thermal plume in Hot Spring Creek and Sites 4 and 1 were the
upper and lower cold water references in Hot Spring Creek.

Each site was divided into a riffle and pool format similar to
that at Ringling. The substrate at Norris differed from that at
Ringling with the riffle areas having rubble interspersed with large
amounts of gravel and the pool areas having mainly a sand bottom.

Chemically, Norris differs greatly from Ringling. The spring at
Norris is a sodium, potassium, bicarbonate and chloride water (Table
3). This chemical composition corresponds to one of the two most
common types of hot spring found in Yellowstone Natiomal Park {(Allen
and Day 1935). Again, in contrast with Ringling, the dilution effect
of Hot Spring Creek is evident in that the chemistyry of the stream is
dominant over the chemistry of the spring. In the stream, calcium
replaces sodium as the dominant cation and the sulphate and chloride

concentrations are much lower in the stream than in the spring.
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50 Meters

Figure 2. Map of Norris studv area showing macroinvertebrate sample
sites.
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ilthough thermal effects of the hot effluent are absent six meters

below the entry of the hot spring, some chemical effects are evident
at Site 1 approximately 50 m below the entxy {Table 3}. Dissolived
oxygen values (Table 4) follow the same trend as those at Ringling.
Chemical and physical parameters agéin compare Tavorably with those of
Mariner et al. (1976} in the hot spring and L. Bahls {unpublished data,
Mont. Dept. Health and Fnv. Sci., Helena, Mont.} in Hot Spring Creek.

Potosl Hot Spring originates on the east slope of the Tobacco
Root Mountains in eastern Madisom County, Montana. The site is unsur-
veyed with the spring located at 45°36' N, 111°54' W (Mariner et al.
1976). The spring issues from a series of vents at a surface elevation
of 1890 m (6200 ft). Mariner et al. (1976) estimated the major source
temperature at 50°C and the flow at several hundred liters per minute.
They believed that the spring had its origin in granite bedrock and
Tertiary velcanic rock.

Potosi Hot Spring is composed of several small chamnels less than
1 meter wide and 5 to 10 centimeters deep. The substrate is composed
of gand and fine gravel. Due to the dendritic nature of the channels,
a strong thermal gradient is present within the spring itself and five
sampling stations were selected within the gradient (Fig. 3). Thermal
data for these sites arve found in Table 2. Although these temperatures
represent mean values of spot readings taken on sampling dates, very

1ittle seasconal variation was observed. Thus the sites at Potosi
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50 MWeters

Figure 3, Map of Potosi study area showing macroinvertebrate sample
gites.
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demonstrated a high degree of thermal stability, probably due to their
proximity to the spring source. All sample statloms were within 530 m
of the spring source. Although the spring produces two thermal efflu-
ents into the south fork of Willow Creek, no stations were located in
the gtream because no appreciable plume is produced by either effluent.

The chemistrv of Potosi Hot Spring ie given in Table 3. Potosi
represents a third type of hot spring with a very low specific conduct-
ance and generally much lower ilonic concentraticns than Ringling or
Norris, Dissolved oxygen concentrations decrease with increasing
temperature (Table 4). Chemical data compared favorably with that
presented by Mariner et al. (1976).

Although chemical and substrate differencee are appsrent beiween
the study areas, the sample stations are gquite comparable thermally
due to the similarity of the gradients produced. Differences between
the plumes exist in that the plume at Nerris is very small in relation
to the stream that it enters while the plume at Ringling and the gradi-
ent within the spring at Potosi dominate the thermal regimes of the
areas under study. A difference between Ringling and Potosi exists in
that Ringling had only been producing a thermal effluent for &5 years

prior to the present study.



METHODS

A seasonal sampling program was zet up at Ringling, Noyris and
Patosi, Samples from all streams were taken at four-month intervals:
in early October of 1974 and mid-February, early June and early October
of 1975. An additional sample was taken at Ripgling in August, 1975,
Physical

Sample sites at Ringling, Norris and Potosi were selected based
on a 5°C decrease in temperature from the hottest sample site down to
the ambient temperature of the receiving stream. The selection of
sites was made on the temperature gradient present on one day, thus the
sites were not necessarily separated by 5°C on a mean annual basis. The
5°C increment was selected as one which would probably be large enough
to yield biological differences among sites. An attempt was made to
select sites which were similar in substrate, width, depth and current
velocity in order to minimize these effects and meximize the effects of
temperature.

Flows and discharges were determined with a standard meter stick
and a Pygmy Gurley current meter. Discharge was calculated for fall
sampling periods at Ringling and Norris using Embody’s formula (Welch
1948). The flows presented in Table 1 are reflective of low, stable
conditions that should prevail throughout most of the year.

Temperature was measured with & mercury thermometer and a Yellow

Springs Instruments Model 534 resistance rhermometer on all sample
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dates. These spot recordings are the only thermal data that were
raken at Potosi. Additional thermal data were collected at Norris for
the seven day period immediately following each sample date with
Tempseribe seven day constant recording thermographs {(Bacharach
instruments). An amnual thermal cycle was recorded at Ringling from
February 1975 to February 1976 with Temwpscribe thermographs and Ryan
Model D15 fifteen dav comstani recording thermographs (RBvan Instru-
ments), Data were collected at Sdites 3, 1, &, 7, 8 and 4. Thermsl
data for Sites 5 and 4 consisted of gpot readings because temperatures
at these sites frequently exceeded the upper limits of the afore-~
mentioned instruments.
Chemical

Water samples were taken at Ringling {(Sites 3, 3, 1, 7 and 2),
Horris (Sites 6, 5, 2, 1 and 4) and Potosi {Site 4} for chemical
analysis. These samples were analyzed for major cations and anions,
silica, pH, conductivity and total alkalinity using standard methods
of analyses as described by the APHA (1971). Calcium, magnesium,
sodium and potassium were determined spectrophorometrically with a
model 151 AASAE Spectirophotometer (Instrumentation Laboratories),
Alkalinity and chloride were determined titrametrically, sulphate was
determined turbidometricaliy, fluoride by the SPADNS method and gilica,
colorometrically., Conductivity was measured with a Yellow Springs

Instruments Model 31 AC Conductivity Bridge., Determination of pH and
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rotal alkalinity titrations were made with a Beckman Expandomatic pH
Meter. Dissolved oxygen was measured at all sites om all dates, in
giru, with a Yellow Springs Instruments Model 54 oximeter. The oxi-
meter reading was compared with a Winkler dissolved oxygen determina-
tion on each sample date.
Biological

Bottom samples were taken at all sites at Ringling, Norris and
Potosi for the collection of macroinvertebrates. Collections were
made at Ringling on October 5, 1974 and February 15, June 11, August
11 and October 14 in 1975. Collections were made in both riffle and
pool areas. A riffle sample consisted of twe collections with a
Surber square foot sampler which was modified to sample an avea of .1
mz. A pool sample consisted of two collections made with a .023 mZ
Fkman grab. Bottom samples were taken at NHorris in a manner similar
to that at Ringling with two Surber and two Ekman collections made at
each sample site on each.sample date. Samples were collected on
Cctober 7, 1974 and February 12, June 10 and Cctober 7 in 1975,
Bottom samples at Potosi comsisted of two collections by Ekman grab
at each site on each date. Small channel size and low current
velocity prevented the effective use of the Surber sampler at Potosi.

Samples were collected on October 11, 1974 and February 16, June 10

and Dctober 7 in 1975,



19

In addition to the bottom samples, a series of collections was
made at Ringling using .2 m2 multiple plate artifdcdal gubstrate
gsamplers {(Hester and Dendy 1962). Two Hester-Dendy samplers were
placed in each riffle area at Sites 3, 1, 6, 7, B and 2 from Aungust
25 through December 4, 1975 and collected at approximately 14 day
intervals., ¥No Hester-Dendy samplers were used at Norris or Potosi.

Samples were concentrated in a U.5. Series No. 30 seive, trans-
ferred to glass or plastic containers and preserved in 10% formalin.
Invertebrates were separated from the sample in the laboratory and
placed in 70% ethanol for storage. Through the use of appropriate
keys and technigues, all iovertebrates were identified to the lowest
practical taxon, usually genus or species, and enumerated,

With the exception of the microdrile oligochastes which were put
into Amman's lactophenol for clearing, all invertebrates from the
Kingling bottom samples were weighed by genus or species. Total
weight of invertebrates collected on each Hester-Dendy sampler was
also recorded. Invertebrates were removed from the ethanol, blotted
until neo moisfure appeared on the paper and weighed (Coutant 198Z) on
a Mettler H 16 electronic balance capable of weighing to the nearest
g x E,G*S.

Linear measursments such as head length and width were made on

four selected genera from Ringling. These measurements were made by
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+o the nearest .001 mm with an ocular micrometer disc (VWR Scilentific
Instruments) firted into a microscope.
Statistical
Macroinvertebrate genus-specles distributlons were analyzed, in
part, through the calculation of an index of similarity (8) developed

by Crekanowski (Clifford and Stephenson 1973). The index is described

by:
S = 2 1.0 maximum similarit
A+B . b
where A = number of taxa occurrving at Site A
B = number of taxa occurring at Site B
C = number of taxa common toc both Sites A and B

The index is a nearect neighbor comparison of one sample site againat
all other sample sites. Calculated 5 values were compiled and used to
compare sites at Ringling, Norris and Potrosi,

Distributional data weve further analyzed to yileld patterns of
response of individual taxa to temperature. Taxa were placed in one
of four categeries {i.e., eurythermal, cold stenothermal, hot steno-
thermal or intermediate stenothermal) based on distributional response
to temperature., This method yields information as to which taxs are
limited to cold or hot environments and which are adapted to a broad
range of temperatures. The method applies quite well to the steno-
thermal forms since their presence is restricted to g small number of

gsites. The eurvithermal forms, however, present a drawback to this
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method in that presence is weighted equally over a wide range of sites
without consideration as to whether this presence occurrved infrequent-
ly at one site and very frequently at another or at an squal frequency
throughout.

Patterns of distribution were further analyzed through the use of
freguency of occurrence data. This method was used in an atiempt to
minimize all differences (e.g., chemical, phvsical, temporal etc,)
among study areags and sites and maximize the effects of temperature,

Tt alsc has the advantage of increasing the sample size for z single
variable, temperature. This was done by pooling all samples from
Ringling, Nerris and Potosd that exhibited similar thermal regimes;
e.g., Sites 2 and § at Ringling, Sites 1 and 4 at Horris and Site 5

at Potosi were pooled as the coldest group of sites from a total of 104
Surber, Ekman and Hester-Dendy samples at this thermal level., 4n
obvicus criticism of this method is that it ignores all differences
among the three study areas. Freguency of cccurrence was calculated

as the number of samples in which an individual genus or species
cecurred divided by the total number of samples in which 1t could have
occurred at a given thermal level (pooled set of sample sites). Thus,
if a genus occurred at Ringling or Potosi but not at Norris, the Norris
sampleg were not included in the frequency calculation.

Frequency of occurrence values were also used to delineate thermal

distributional frends. The cold, hot and intermediate stenotherms were
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partitioned out on the basis of presence or absence at a thermel level.
The eurythermal forms, however, weve further subdivided om the basis
f temperature assoclated trends in frequency value (e.g., increased
frequency of occurrence as temperature increased).

Data were compiled om the total number of invertebrates per
sample for sample sites for the three study areas. Similar data were
compiled on numbers per sample at the ordinal and genus-species levels,
total welght of invertebrates per sample for the Ringling samples and
colonization rates for the Hester-~Dendy samples.

In order to determine whether differences cobserved among treat-
ment {(thermal site) means were significant or merely due to sampling
error, all treatment means were subjected to a multifactor analysis of
wariance, This test was selected as one which would best £it the
seasonal sampling program that was used. In a one-way analysis of
variance, variation due to one treatment, e.g., temperature is compared
with variation due to error in an F test. A multifactor analysis of
variance divides treatment variation into two factors and considers the
interaction between these factors. In this study, temperature was
investigated as the primary factor in the determination of numerical
differences among sites; however, temperature is influenced by season.
The abundance of most aguatic invertebrates alsc fluctuates on a
seasonal basis due to factors such as changes in life stage and

mortality within the population. Because the sampling scheduls
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employed in this study was not continuous, the second factor parti-
rioned out of the treatment variation was variation due to sample date
or season. The multifactor analysis of vaviance also tests the varia-
tion due to the interaction between temperature (sample site) and
season (sample date). A significant interaction is interpreted to mean
that patterns of numerical response to levels of ome factor {(tempera-
ture) is not the same when taken over all levels of the other factor
{season). In the calculation of F values, a fixed model was assumed
thus implying experimental repeatability and denying randomness of
sample.

A Neuman—Keuls Test was also employed to determine which sample
sites were significantly different from all other sample sites. This
rest uses Q@ values to compare one sample site to all others.

Quantitative data were analyzed for a linearity cf response to
temperature by means of linear regressiom and correlation. Numbers and
weights from each sample site were regressed against and correlated
with temperature. Temperature values assigned to sample sites for each
sample date were mean values compiled from mean daily temperatures 8
days prior to and 8 days following a sample date at Ringling and 7 days
following a sample date at Norris. Thermal data for Potosi consisted
of spot temperature readings taken on the sample date. In the Ringling
analysis, Sites 5 and 4 were eliminated due to the virtual lack of a

macroinvertebrate community. Site 2 was eliminated because of extreme
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deviations from linear numevical thermal patterms. All sites from
Norris and Potosi were included in regression-correlation analysis.

411 regression equations {y = ax + b) were tested with an T test
and all correlation coefficients (r) were tested with a T test for
statistical significance. Calculation of the coefficient of determina-
tion (rz} provided a means of assessing the percent of variation in the
dependent varisble (e.g., number of invertebrates per sample) that can
be artributed to variation in the independent variable (e.g., tempera-

rure) .
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Takle 5. Checklist and distributions of taxa ceollected at Ringling.

Sample Site
4 301 6 7 8 2

Ephemeroptera

RBaetidae

Baetis sp. A % X X
Boaetis sp. B X X
Callibaetis sp. -
Leptophlebiidae

Choroterpes albionnulata McDunnough X X X ¥ X
Ephemerellidae

Ephemerella infrequens McD. X X
Tricorythidae

Tricorythodes mivutus Traver ¥ X X X %
Caenidae

Caente simulans McD, X % X X X

L

Odonata
Gomphidae

Ophiogomphus sp. ¥ X X x X
peschnidae

deschna wnbrosa Walker ¥ ¥
Coenagrionidae

Tschrnura sp. ¥ X % X

e

Hemiptera
Corixidae
Hesperocorixa laevigata (Uhler)

Trichoptera
Helicepsychidas
Belicopsyche borealis (Hagen} X X X X
Polycentropidae
Polycentropus sp.
Hydropsychidae
Cheumatopsyche sp
Hydropsyche sp. A
B
C

o
*
e
b
>

P Z

4
B bg b
b

Hydropsyche sp.
Hydropsyche sp.
Hydroptilldae
Hydroptila sp. X

b
e b
2

4
B
e
i
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Table 5 {(continued)},

3

Sample Site

1

&

/

Leptoceridae
Oecetis sp.
Limnephilidae
Hesperophylax sp.

Coleoptera
Dytiscidae
Agabus sp.
Deronectes sp.
Hydroporus sp.
Hydrophilidae
Helophorus sp.
Elmidae
Dubiraphia minima Hilsenhoff
Microcylloepus pusillus (LeConte)
Optioservus quadrimaculatus (Horn)
Zaetzevia parvula {Horn)
Haliplidae
Haliplus sp.

Diptersa

Tipulidae

Diepanota sp.

Tipula sp. A

Tipula sp. B
Culicidae

Aedes sp.

Simuliidae

Simelium spp.
Chironomidae

Conchape lopia sp.
Precladius sp.
Digmesa spop.
Thivonomis sp.
Cladopelma sp.
Cladotanytarsus spp.
Cryptochironomis spp.
Dicrotendipes sp.
Fndochivronomis sp.

w e e

EaieC i

g

%P by pe =

e

> 6 pd

bbb B

4

b obd b b

g BY
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Lt

Sample Site

1
A

&

s
£

Mioropsectra spp.
Paratendipes sp.
Fhaenopsectra sp.
Polypediium spp.
Fheotanytarsus spp.
Stictochivonomus sp.
Tanytarsus spp.
Acricotopus sp.
Cricotopus spp.
Eukiefferiella spp.
Parvaphaenocladiug sp.
Pgaudeosmiittia sp.
Orthocladius spp.
Ceratopogonidae

Tr. Stilobezziint
Stratiomyiidae

Al lucudomyia sp.
Stratiomyia sp.
Tabanidae

Chrysops spp.

Tabanus sp.
Dolichopodidae
Hydrophorus sp.
Fopididae

Muscidae

Anthomyiidae
Limmophora aequifrons Stein
Limmophora torreyae Johannsen
Hphydridse

Notiphila sp.

Hydracarina
Sperchonidas
Sperchon sp.

Haplotaxida
Lumbricidae
Eiseniella telrvaedra {Savigny)

X

kS

e

POpG e W

e

w4 b

A
)

E

L

e
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Tabhle 5 {(continued).

Sample

Tubificidae

Limodrilus celaparedianus Ratzel
Limnodriine hoffmeisteri Claparede X X X
Limmodriius udekemionus Claparede *
Peloscolex ferox {(Eisen) X X X
Naididae

Ophidonais serpentina (Muller)

Hirvudinea
Glossiphonidae
Helobdella stagnalis {(Linnaeus)
Erpchdelldidae
Ding onoculata Moore X

Pulmonata
Physidae
Physa spp. ¥ X
Lymnasidae
Lymmaea spp. X X
Planorbidae
Gyraulus sp.

P

Heterodonta
Sphaeriidas
Pigidium ap.

Ostracoda
Cypris sp. X

Amphipoda
Talitridae
Ayalella azteca {(Saussure) SN 4
Gammaridase
Gommarus lacustris Sars

X denoteg pressnce
* denctes very Tare preésence
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Tahle &, {hecklist and distributions of taxa collecited at Horris.

Sgmple Site

6 3 3 Z 1

Collembola
Tsotomurus sp.

Ephemeroptera

Siphlonuridae

Ameletus sooki McDunnough
Bastidae

Boetis sp. A = % X
Leptophlebiidae

Paraleptophlebia heteronea McD. * % X
Ephemerelilidas

Ephemerella grondis Eaton X
Ephemerella inermis Eaton X X X
Tricorythidae

Tricorythodes minutus Traver X

Odonata
Gomphidae
Ophiogomphus sp. X

Plecoptera

Preronarcidae
Pirevonarcella badia {(Hagen) # ¥ X
Perlodidae
Apoyncpleryr sp.
Diura knowitoni Frison X
Isoperla fulva Claassen X

F e b

Trichoptera
Helicopsychidae
Helicopeyche borealis {Hagen) X
Hydropsychidae
Hydropsyche sp. D ¥ X X
rachveentridae
Brachycentrus sp. r % X
Micragsems sp. ¥ ¥ X

B b B

b b
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Tahle &

™

Lo

Coleoptera
Curculionidae
Elmidae
Optioservus quadrimeculatus (Horn)

Diptera
Tipulidas
Heranota sp.
Hexatoma sp.
Tipula spo.
Simuliidae
Simulium spp.
Chironomidas
Conchape Lopta sp.
Procladius sp.
Diamesa spp.
Odontomesa sp.
Chironoms spp.
Cladotanytarsus sop.
Cryptochironomis spp.
Erndochironomis sp.
Micropsectra spp.
Micprotendipes sp.
Fhaenopsectra sp.
Polypedilum spp.
Eheotoytarsus spp.
Acricotopus sp.
Cricotopus spp.
Bukiefferiella spp.
Lymnophyes sp.
Orthocladius spp.
Poeudosmitiia sp.
Caratopoegonidas
Tr. Btilobezziini
Stratiomyiidae
Fulalia sp.
Tabanidae
Chrysops spp.

b b

>4

B by b b

i

PE g e

P

b b

»

e

Y

A



Table 6 {continued).

5

Bample Site

3

z

Empididae
Anthonmyiidae
Limmophora aeguifronsg Stein

Haplotaxida
Lumbricidae
Eiseniella tetraedra {(Savigny)
Tubificidae
Limmodriius hoffmeisteri Claparede
Limodrilue udekemionus Clapareds
Peloscolex ferox (Eisen)
Naildidae
Ophidonais serpenting (Muller)

Hirudinea
Glossiphonidae
Helobdella stagnalis (Linnaeus)

Pulmonata
Physidae
FPhysa spp.

Heterodonta
Sphaeriidas
Pigidium sp.

Amphipoda
Talitridae
dyalella azteca {Saussure]

B b

o

b

¥ denctes presence
* denotes Very rarge DIrEsence
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Tapie 7 Checklistr and distributions of faxa collected at Potosi.

ioa

Sample Site
3 4

]
el

Ephemeroptaera
Basitidas
Baetis sp. A
Tricorythidae
Teicorythodes minutus Traver

e
e

Odonata
CGomphidae
Ophiogomphus sp. X X Z
Libellulidae
Eyythemis sp. X X
Coenagrionidas
Argia sp.

Pilecoptera
Nemouridae
Nemoura sp.

Hemiptera
Naucoridae
Ambrysus heldemanmi Hontandon ¥ X W
Corixidae
Sigara omani (Hungerford)

Trichoptera
Helicopsychidae
Helicopsyche borealis {Hagen) v X
Hydropsychidae
Cheuwmatopsyche sp.
Hydroptilidae
Oxyethira sp.
Philopotanidas
Chimarra sp.

%
% *

&

Coleoptera

Hydrophilidae
Tropisternus sp.
Elmidae
Microeylloepus pusillus (LeConte) ¥ X X X
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Tahle 22. Mean biomass {(g) and numbers of organisms collected in
Ringling Surber samples on each sample date.

Fall '74 Winter Spring Summer Faull 75
Biomass 2.4%20 L9289 L6537 1.1850 3.4850
Bumber 1167.0 476,7 258.3 562.3 741.9

individual organism was calculated on a seasonal and thermal site basis

for the Ringling Surber samples (Table 23). This was accomplished by

Table 273, Mean weight (mg) per individual organism, by sample site and
season, frem the Ringling Surber samples.

Sample Site 3 i 6 - 8 2
Wedight by Bite 5.43 3.60 2.51 Z.26 Z2.71 3.29
Sample BSeason Fall *74 Winter Spring Summer Fall 75
Weight by Season Z.13 1.94 .53 2.11 4.70

dividing the mean weight of invertebrates per sample by the mean number
per sample for thermal sites and sampling dates. Data contained in
Table 23 reflect a general decrease in the size of the individual
organism with decreasing temperatures. Site Z was found to deviate from
the gensral trend in that it appears to most closely resemble Site 1 in
value. Seasonal comparisons show similarities in mean weight of
individuals between the Fall 1874 and winter samples with an increase

in weight in the spring samples.
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niffersnces in mean biomass per sample were tested with a MNewman-
¥euls test., No significant difference was found among Sites 3, 1, 6
and 2 in any combination. Sites 7 and 8 differed significantly from
each other and all other sites.

Mean biomass per sample was correlated with temperature for sites
at Ringling. Correlation coefficients and coefficients of determina-
tion were calculated on an annual and seasocnal basis and are found in
Table 24, On an annual basis, blomass was weakly correlated with

Table 24. Correlation coefficients and coefficlents of determination”
for mean blomass per sampleb; Ringling Surber samples.

Annual Fall '74 Winker Spring Summer Fall '75
-, 336% -, Ba0*% ~, B49%% +,.753% -, B19% - TLFR
(.11} {.79) {,80) (.57} {.38) (.56}
& in parentheses # gignificant {Pi,GS)

1 m? *#highly significant (P<.01)

temperature with 11% of the variation in biomass attributed to varia-
tion in temperature. Seasonal r values generally showed a strongly
negative correlation between biomass and temperature (-.619 to -.949)
with 38 to 90% of the variation due to thermal variation. The spring
sample provided an exception to this trend with blomass strongly
correlated with temperature in a positive manner {(+.753}). All correla-
rions for mean biomass with temperature were significant or highly

significant,
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The linear regresslion for mean sample biomass as dependent on
remperature is described by y = .lx + 3.8. The regrvession was found
to be significant and is graphed in Figure 6. The rate of change of
.1 g per °C applied to the annual, winter, sprimg and summer samples
but the fall samples displaved a higher rate.

Colonization rates of Hester-Dendy artificial substrate samplers
were computed for sample sites at Ringling. The samplers were har-
vested at approximately 14 day Intervals with a maximum sample period
of 21 days. This is less than the four to eight weeks recommended to
achieve colony equilibreunm by wmany authors (Andevson and Mason 1988,
Fullner 1971, Hilsenhoff 1963, Nilsen and Larvimore 1973). On each
sample date, samplers were scraped bare thus presenting & denuded
substrate for each sample period. HMean colonization rates were calcu-
lated in number of organisms per square meter per day and milligrams
per square meter per day for Sites 3, 1, 6, 7 and & at Ringling (Table
25}, Site 2 was eliminated due to the presence of exrremely large popu-
lations of Simuliwm which occourred irregularly in some of the samples.
Numerical colonization rate was lowest at Site 3. Site 1 exhibited a
dramatic increase in rate over Site 3 and Site 6 had the maximum rate
with a mean value of 201.3 organisms per square meter per day. The
rate was lowest at the lower cool sites, Sites 7 and 8. A similar
pattern can be observed in the welght related rates with a marked

increase betwsen Site 3 and Sites 1 and &, the maximum bedng achieved
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Table 25. Colonization rates of macroinvertebrates on Hester-Dendy
samplers with multifactor analysis of variance, Ringling.

Sample Site Analysis of Variance

3 1 & 7 8 Date Site Date x Site
NG./mz/day 1.0 102.4 201.3 59.0 73.4 HS  HS S
mg/mzfd&y 69,1 238.8 205.3 95.0 76.1 HS  HS NS

il

HS = highly significant difference (P<.01)
5 = gignificant difference {P§f§5}
NS differences non-significant

i

at Site 1, and a marked drop in rate between Sites 1 and & and Sites 7
and 8 as temperatures cooled further. Analysis of variance showed
that variation in mean rates of colonization was highly significant.

A Newman-Keuls Test was performed on the colonization rates. The
only significant difference that could be detected for the numerical
rates was found between the extremes, Sites 3 and 6. The weight
related rates showed a significant difference between Sites 1 and & and
Sites 3, 7 and 8. No difference was found between Sites 1 and & or
among Sites 3, 7 and 8.

Regression-correlation analysis was performed on the numerical and
weight related colonization rates. Both numerical (+.064) and weight
related (+.156) colopization rates were very weakly correlated with
temperature, The numerical rate of colonization as dependent on temper-

ature was described by the linear regression y = l.2x + 62.6 while
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colonization rate by weight was described by v = 2.1x + 92,1, Neither
the correlations nor the regressions were found to be significant.

Another production related parameter, genus-—specles mean weight,
was compared among the Ringling sample sites. Mean weight was calcu-
lated as the total wet weight of each genus or species divided by the
total number of individuals weighed. Data from the fall and winter
samples were selected for comparison to minimize complications due to
emergence, egg stage, spates etc. Mean weights for 25 taxa are pre-
sented in Appendix Table 32, All of the taxa exhibited different mean
welghts at different sample sites with the most marked differences
found between the warmer sites, Sites 1 and/or 6, and the cooler sites,
Sites 7 and/or 8. Thirteen of the 25 taxa exhibited increased mean
weight with increased temperature and an additional four taxa had
higher mean weights at higher temperatures without linearity of response.
Tight taxa showed a reverse of this trend with increased mean weights
as temperature decreased.

Ten taxa common to both Sites 6 and 7 exhibited an increase in
weight between the fall 1974 and the winter samples. The difference
in mean weight between these samples for each taxon was calculated as
the growth imcrement for that period and divided by 10 to yield a mean
increment of growth for Site 6 and Site 7. The mean growth increment
for the 10 taxa was 3.09 mg per organism at Site & and .28 mg per

organism at Site 7.



8z

Comparison of intersite growth rates was further investigated
through the use of length irequency analysis. Four taxa; the mayflies
7. minutus and O, albtarmulate, the caddisfly Cheumatopsyche and the
amphipod H. azteca were selected because of their common occurrence at
a range of thermal sites and an external morphology that lent itself
to linear measurement. Head capsule length or width were selected for
measurement because of their acceptability for the differentiation of
instars by frequency analysis (McCauley 1974, Newell 1976, Terch 1972).
No attempt was made to define individual dnstars due to a lack of suf-
ficient accompanying data (Newell 1976).

In the case of the mayflies, the observation was made that many
sizes of individuals were present, ranging from very small early instars
to very large individuals whose well developed wing pads, adult eyes
and coloer indicated that they were near emergence. Because of this, &
master histogram was constructed for both T. minutus and C, albiannulata
with the result that eight arbitrary instar groups were selected for
the former and 10 instar groups were selected for the latter {Figure
7). Head widths for 7. minutus and head lengths for C. albianmmulata
from the fall sample 1974 were categorized and their freguencies
plotted for Sites 6, 7 and 8 for T. mirmitus {Figure 8) and Sites 1, &,
7 and 8 for C. albicwmlate {Figure ). 7. minutus occurred in all
eight instar groups at Site 6 while only the first five groups

occurred at Sites 7 and 8. The highest mode was achieved at instar



83

*QUTTEUTY 3% H/6T °C 320 peidafioo sajdues
woIj (Sopow sAoge sidqunu) sdnoad 1e)SUT IIBPWIIED 03 pIsn swei80381y Aouanbesay
(D2DIHUDLQY 820d83040Y7) YIBUdl pEOY pue (SHINUU mm%oxﬂmaexmw&&u yipis pesyg  */ 2andig

;]

S

- (T
|3
O
cHE =Y
RIEjRUNRIIE '
b 15
T
% i
WdATA
GBLal ]
SRIBIEN o)




*FurTBUTY ' %/6T ¢ *IDQ POIVBTTOD SHIMUUU
SEPOYLAIOYO L] FO $IUDWSINSBIW YIPTM PESY Uo paseq Aouenbeay dnoaf iejsuy g eanfig

dneiy ie)sh)

B4

! & i
& i B k] goR il
e (3 e (3
o o OF = OF,
0% = i 06 =Y 06 =i
g 91y A 11 G @3
bowod b {3 ool Yo (36 e (3



85 |
20+ Site 1 20 Site &
=12 %250

0=

Instar Group

Lite 7 20 - Site &8
Ha=s50

0=

instar Group

Figure 9. Inmstar group frequency, based on head length measurements,
of Choroterpes albiammulata collected Oct. 5, 1874 at

Ringling.
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group six for Site 6 while the maximum frequency was cobserved at
instar group two at Sites 7 and 8. A similar situation was observed
for C. albtannulata with nearly a full range of instar groups occurring
at Sites 1 and 6 and a lower range of groups represented at Sites 7 and
8., Maximum frequencies of occurrence for (., albiannulata occurred at
instar group six for Sire & and instar group two for Sites 7 and 8.

The large range in developmental stage within a single sample was
not observed im H. azteca or Cheumatopsyche thus no instar groups were
calculated and only length frequency data were plotted {(Figures 10 and
11y. H. gstecqg did not show the marked shift toward larger instars st
high temperatures that the mayflies did; however, a lack of the smaller
instars was noticed at the warmer sites, Sites 1 and 6, The larger
instars were found at both warmer and cocler sites. Length frequency
data for Chewnatopsyche exhibited three modes at each gite which did

shift appreciably with temperature,
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DISCYUSSION

The thermal regime of a body of water is a function of latitude,
altirude and season and fluctuates on a daily and seasonal basis.

Dodds and Hisaw (1925) considered average annual temperature, winter
minimum, summer maximum, summer average, duration of summer season and
duration of ice cover to be the most critical components of water
temperature for the aquatic invertebrate community. When the normal
thermal regime is disrupted dus to the addition of heated water, either
from geothermal or man-caused sources, the result is a quantitative and
qualitative shift in the macroinvertebrate fauna, These shifts may
sccur as a result of direct lethality from high temperatures and/or
indirect effects on scme stage of the life cycle of 2 species which may
result in a reduction in pepulation number or in its ultimate removal
from the community (Tarzwell 1970}. Although it may be theorized that
addition of new species may accompany & thermal shift, this was not
ohgerved in the present study.

Direct lethality due to high temperature may not act on the organ-—
jem as an individual or as a species, The effects of direct lethality
on community composition are difficult to distinguish from indirect
effects in a field situation and may play a minor role when compared to
the latrer. Wurtz {196%) guestioned the vse of maximum temperature on
an annual, mean daily or mean annual basis in the determination of

thermal effects on invertebrate communities because most north
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temperate sgpecles are eurythermal. He emphasized the importance of the
rate of temperate change.

Attempts have been made to measure upper lethal limits in the
laboratory. Gaufin and Hern (1971) measured 96 hr TLm values from a
Tow of 14.5°C for Gammarus limigeus to highs of 30.5°C for Hydropsyche
and 32.4°C for Atherix variegata. Mean values were 18.8°C for Ephem-
eroptera, 26.5°C for Trichoptera and 28.7°C for Diptera. Nebecker and
Lemke {1968) tested 12 species that were acclimared at 10°C for one
week and found a range of 21 to 33°C for 96 hr TLm values.

Tndirect effects of high temperature pertain to phenomena that
occur at temperatures below the lethal level. An organism may be able
to survive at such temperatures but be unable to guccessfully repro-
duce, thus eliminating such a species from the agquatic community at
that thermal regime (Nebecker 197la). In many agquatic insects, a
rimed sequence of thermal stimuli is often necessary for egg hatching,
nymphal development and emergence {Lehnukuhl 1974)., 1f these criteria
are met, a specles can often tolerate a wide range of temperatures. If
the proper temperature is missing for one stage of development, how-
ever, the speciles may be eliminated from the community or its numbers
drastically reduced. Low summey temperatures, for example, have been
found to remove species from the macroinvertebrate community due to
the disruption of this thermal synchrony (Elgmork and Saether 1970,

Lehmkuhl 1972, Pearscn et al., 1963},
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The structure of a macroinvertebrate communlty may also be influ-
enced by the interactions between temperature and variocus other factors
that determine macroinvertebrate distribution and abundance (Vermberg
and Vermberg 1974}, One such factor is the amount of dissclved oxygen
that is present in the water. The interaction between temperature and
dissolved oxygen was demonstrated by Krenkal and Parker {(196%) who
cshowed that at 25°C the deoxvygenation curve crosses the regeration
curve and sweeps rapidly upward causing oxygen depletion.

Whichever of the aformentioned processes or combination of pro-
cesses is involved, temperature does exert a strong influence om the
determination of the macroinvertebrate commumities of a body of water.
At high temperatures, this effect seems to be manifested as a process
of elimination, rather than addition, of speciles as temperature in—
creases to the point at which macroinvertebrate 1ife dis excluded.

Macroinvertebrate Thermal Maxima

Perhaps the most obvious effect of direct lethality due to high
remperature 1s the exclusion of macroinvertebrate 1ife from the aguatic
ecosystem. The data suggest that macroinvertebrates were unable to
inhabit sites where temperatures often exceeded 40°C at Ringling and
Horris. Similar results were obtained by Durrett and Pearson {19753
who found no invertebrates imhabiting & power plant effliuent channel
when temperatures exceeded 41°C, Jones {(1967) determined that macro-

invertebrate life was excluded by temperatures in excess of 43.5°C in
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rhe Firehole River. Brock (1967) found mecrodinvertebrates inhabiting
temperatures up to 437C in hot springs in Yellowstone National Park.

Tt ig difficult to determine whether dnvertebrate 1ife is excluded
by temperatures in excess of 40°C or by temperatures acting in combina-
tion with other factors. Langford {1%71) and Wurtz {196%9) mentioned
the problem of separating thermal effects from the effects of other
pollutants in power plant effluents. Brues (1924, 1932; considered
low dissolved oxygen levels, high salinities and variable pH values as
compounding the problem of high temperatures in hot springs. Gaufin
{1962} found that for most stonefly larvae oxygen demands increased
very tapidly above 16.5°C. It has been postulated that temperature can
interact with other factors, biotic or abiotic, fto exert a more pro-
found effect on living organisms than any one facior by itself {(Vernberg
and Vernberg 1974). This interaction may be additive or synergistic.

The Hot Spring Fauna

The majority of the taxa collected within the flows of the hot
springs were not restricted to these heated environmenis and were also
collected at cooler stations, This appears to be consistent with the
findings of Robinson and Turner {(1973) in some Virginia hot springs
and Mason (1939} in an Algerian hot spring. The ability of certain
apecies to inhabit a broad thermal range may be due te an ability to
synthesize multiple forms (isoczymes) of regulary enzymes (Newell 1973).

The elimination of most species from the temperature regime of the hot
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spring and the restriction of some others to this epvironment may be
due to their inmebility to synthesize the appropriate dsozymes.

Of the taxa that were restricted to the hot springs, some doubt
exists as te whether [sotomurus, the Curculionidae, the muscid pupae
and the midges Paraphaenccladius and Limmophyes are truly members of
the aquatic community. The remaining taxa; Pseudoemittia, Atrichopogon
and Cypris may be restricted to elevated temperatures.

Although there does not appear to be a unique thermal fauna
created through the addition of species, one has evolved via the
elimination of most forms found at the cooler sites. Most genera that
are capable of inhabiting hot springs demonstrate a common North
American and even a world-wide distribution in these springs (Robinson
and Turner 1975). Hynes (1970) stated that a very select fauna is
found as temperatures approach 40°C consisting mainly of dytiscid and
hydrophilid beetles, stratiomyids, chironomids, oligochaetes and
setracods, Results of the present study indicate that Pulmenats,
represented by Physa and Lymmaea, should be added to this group.

Members of the dipteran family Ephydridae and the dragonfly
Iibellula have been previously reported as common inhabitants of hot
springs (Brues 1924 and 1932, Mason 1939, Provonsha and McCafferty
1977): however, no representatives of these raxa were collected in the

present study. Thelr absence may be due to some rhermal-chemical
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interaction or other habitat requirements that ave limiting In the

hot springs under study.

Fauna f The Thermal Gradients

Faunal distributions within the thermal gradients revealed that
many of the taxa were limited to the colder sites. All of the Plecop-
tera collected during the study were rigidly restricted to the cocler
sites. Caufin (1962) stated that thermal optima for most Plecoptera
occur in the range of 10 to 15°C. Armitage {1961} observed that no
Plecoptera showed a prefevence for warmer sites in the Firehole River.
Several of the mayfly species were limlted to the cooler sites. One of
these, #. grandis, also showed thermal aveidance in the Firehole River
{(Armitage 1961). Few chironomids exhibited a thermal avoidance although
Dicmesa, a common inhabitant of cold mountain brooks {Elgmork and
Saether 1970), Endoshironomus, Phasnopsectra, Stictochivenomus and
Chivonomie appeated to be limited to the colder sites. Although
Chironomus and Bndochironomus were only collected at cool sites, species
of these genera have been found to be tolerant of high temperatuves.
This cold stenothermal fauna was limited to sites representing observed
thermal extremes of 0 to 26°C at Ringling, 0 to 16°C at Norris and 10
to 17°C at Potogi. A further subdivision of this group revealed that
the majority of the cold stenotherms were vestricted to the coldest
sites at each study area. This further restricts the temperature

ranges inhabited by most of the cold stenotherms o observed extremes
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of O to 22.5°C at Ringling, O to 10°C at Norris and 10 to 13°C at
Potosi.

Another group of taxa sppeared to be restricted to intermediate
thermal sites. At Ringling and Potosi, the majority of these taxa were
found at the first level of temperature increase over the coldest sites
present. This slight elevation in temperature may provide a niche for
a unique thermal community. Two species of caddis, Hydropsyche sp. C
and Heliopsyche borealis, were limited to intermediate temperatures.
Hydropsyche has been known to thrive at elevated temperatures {Roback
1962} while H. borealis has been collected in hot spring effluents
{Brues 1924) and at temperatures as high as 35°C {Hoback 1962). The
chironomid Polypedilum occurred only at Sites 6 and 7 at Ringling,
Sites 3 and 2 at Worris and Sites 3, 4 and 5 at Potosi. This genus
has been known to be intolervant of temperatures below 4.4°C {Curry
1962) and may regquire the elevated temperatures of these sites.

No taxa were found to be unigue to Site 1 at Ringling or Potosi
or Site 3 at Norris. These sites represent the first mixing and cool-
ing points of the three hot springs but do no appear to provide a
unique ecological niche for the benthic fauna.

Most of the raxa collected during the study were comsidered to be
eurythermal. Some of these taxa exhibited an ability to inhabit
thermal extremes of O to 40°C., These extremely tolerant forms included

e 3

the chironomids (onchapelopic and Fukiefferiells; the tubificids L.
of of
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hoffmeisteri and P. ferox; and the snails Physa and Lymaea. All of
these forme have been known to tolerate a wide range of temperatures
25 well as other envirommental conditions. The majority of the eury-
thermal forms were more restricted to thermal extremes of 0 to a
30-36°C range. Although most north temperate mayflies are considered
to be cool or cold water forms; 7. minutus, C. albitannulata, C.
simulans and F. inermis were included in this broadly tolerant group.
Brues (1932) collected two other mayfly genera, Baetis and Lepto-
chlebia, at temperatures of 32,8 and 33.0°C. Several caddis genera
(e.g., Hydropsyche, Cheumatopsyche and Brachycentrus) were included
in this tolerant grouping. Roback (1962) found most species of
Hydropsyche and Chewmatopsyche to bhe tolerant of temperatures fo 35°C
while Brachycentrus was not found above 28°C. The majority of the
chironomid genera exhibited a broad range of thermal tolerance.
Most chironomids have been found to exhibit a range of tolerance of 0
£o 12°C while some of the genera collected in the present study (e.g.,
Procladius, Cryptochironomus, Paratendipes and Uricotopus) have been
known to tolerate temperatures as high as 34 to 40°C (Curry 1962).

The selection of sites at approximately 5°C increments within the
thermal gradients did not reveal communities unigue to each sample
site. The data suggest, however, that at least four major communities
were found in the thermal gradients. The two largest communities, the

eurythermal and cold stenothermal faunas, could probably be further
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subdivided on the basis of temperature range. The hot and intermediate
stenothermal groups may be true examples of uniquely thermal communi-
ties. Armitage (1961) investigated the thermal responses of 32 taxa
from the Firehole River and concluded that three hasgic communities
were present. The taxa were categorized as exhibliting a cold prefer~
ence, a warm preference or no preference within the thermal gradient,
in a comparison of a heated and cold riffle in the Gibbon River,
Vincent (1966) found 41 of 54 taxa common to both riffles while nine
were found only in the cold riffle and four were unique to the heated
riffle,

Analysis of frequency of occurrence data was most useful in
determining patterns of thermal preference for eurythermal taxa.
Results revealed four patterns of response within the eurythermal
forms., A method of faunal classification that used relative average
weights, rather than frequencies of occurrence, was employed by
Armitage (1961) on the Firehole River, This method revealed similar
groupings with the exception that the largest group in the present
study, forms that occurred with the highest frequency at intermediate
remperatures, was not observed by Avmitage.

Comparison Of Sites Within The Thermal Gradients

A comparison of thermal sites utilizing an index of similarity
indicated that strong faunal zonation did not occur at the approximate

5°C 4increment. This was reflective of the dominance of eurythermal



95
forms at Ringling and Potosi. A subtle zonation was evidenced through
the various alllances of sites closest in temperature, e.g., Sites 1
and 6 at Ringling. The strongest peints of differentiation occurred
between the hottest sites capable of supporting macroinvertebrate com-
munities and all other sites. Jones (1967) used a coefficient of
similarity (C) to compare stations in the Firehole River and found
that all stations except those above 43°C exhibited a high degree
of similarity. Langford and Aston (1972} found no change in diversity
up to 28°C in a series of stations within a power plant effluent.
Other researchers have determined that normal invertebrate communities
can exist at temperatures up te 32°C in north temperate streams {Bush
et al. 1974, Coutant 1962).

Another point of differentiation occurred at Norris between Site
3 and all other sites. The lack of similarity between this site and
the cooler sites is attributable to the dominance of cold stencthermal
forms at Norris.

Potosi resembled Ringling in that most of the sites were found to
bear a close similarity to each other; however, in contrast with
Ringling, it was the coolest, rather than the hottest, site that was
differentiated from the others. This may be due to the near constant
temperatures present at Potosi or the adaptation of a more thermally

acclimated fauna.
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Both Sites 2 and 8 at Ringling were more similar to Site 1 than
Sites 6 and 7. This apparent contradiction may be due to drift into
Sire 1 frem cooler areas upsirsam, Invertebrate drift has been shown
to interact with or be influenced by temperature. Some studies have
shown a positive correlation between temperature and drift (Bisson
and Davis 1976, Waters 1968) while others have found a negative corve-
lation (Pearson and Franklin 1968). Durrett and Pearson (19753) indi-
cated that drift may have a method of thermal avoidance in & power
plant effluent chamnel. In contrast with the above information,
several studies have found that remperature had little or no effect om
invertebrate drift (Bishop and Hynes 1969, Cloud and Stewart 1974,
Reisen and Prins 1972, Wojtalik and Waters 1970;.

Comparison Of The Thermal Gradients

Some physical and temporal differences existed between the three
study areas that may help to explain some of the faunal differences
that were observed. The spring at Norris produced a small easily
avoided plume into Hot Spring (reek whereas the heated gradients pro-
duced at Ringling and Potosi were quite large relative to the study
areas. Another point of difference concerns the observed stability of
temperatures at Potosi while sites at Ringling and Norris were subiect
to a seasonal range in thermal regime that increased with the distance
of the site from the hot spring scurce., Finally, the man-made spring

at Ringling had been producing a thermal gradient for 45 years whareas
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the Norris and Potesi gradients had been produced for long periocds of
time.,

Ringling and Potosi were dominated by eurvthermal forms while
Norris was dominated by the cold stencthermal fauna. This was
supported by the high degree of similarity found between most stations
at Ringling and Potosi while the cold stations at Norris bore little
similarity to S8ite 3 at the head of the thermal plume. This suggests
a strategy of thermal avoidance, rather than adaptation, on a community
level, This suggestion is supported, in part, by the responses of
several taxa common to two or all three study aveas, Nine of the
raxa that were classified as cold stenotherms at Norris were found to
be eurythermal at Ringling or Potosi. Some of these different
responses could be due to species differences when the generic level
was treated in the comparison.

A major difference between Ringling and Fotosl was cobserved in
the similarity of Bite 2 at Potosl to most other gites and the lack of
similarity of Site 3 at Ringling to all other sites. Thess two sites
had similar mean temperatures. Conversely, the cooclest site at Potoesi
was sharply differentiated from others within the plume while the upper
and lower cold sites at Ringling were gquite similar to other sites in
the plume. This may be a function of the time reguired for a community
to fully adapt to high tempevatures. It 1= possible that 45 years is

pot enough time for the adaptation of a large community at Site 3 at
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Ringling. It is also possible, however, that these differences are
due to the thermal stability or the different water chemistry of the
sites at Potosi,

Several taxa common to Ringling and Potosi showed different
thermal responses that support these assumptions. Microcylloepus
pusillus, Rheotanytarsus, Hyalella asteca and Limmodrilus udekemicnus
were all capable of inhabiting Site 2 at Potosi but were absent from
Site 3 at Ringling. Hebecker and Lemke (1968} suggested that lonper
adaptation time at high temperatures would vaise the 96 hr Tlm values
for many species. Martin and Gentry (1974) found that Libellulg
nymphs collected from a thermal effluvent exhibited a significantly
higher Critical Thermal Maximum (CTM) and Lethal Temperature (LT} than
nymphs of the same genus from a contrel siream.

Total Numbers Of Invertebrates

Numbers of invertebrates in the Ringling and Norris riffle
samples were gstrongly depressed as temperature incresased. Similar
numerical depressions at high tempsraturss were cobserved by foutant
{1962) and Masengill (1976) in power plant affluents. Contrasting data
was presented by Benda and Proffitt (1974), Dahlberg and Conyers
(1974), Howell and Gentry (1974} and Vincent (1966) who found
numerical dncreasses at higher temperatures.

Samples from pools at Ringling and Norris and the samples from

Porosi did not reveal as strong & numerical reduction with temperature



increase as was revealed dn the riffle samples. This may be reflective
of the apparent higher thermal folerance of inhabitants of slower
flowing waters (Wurtz 1969).

Despite faunal similaricies between the upper and lower cold
gites at Ringling, large numerical differences existed between the two.
The mean number of organisms per ssmple from Site 2 places it mid-way
between Sites 1 and 6 rather than equal to Site 8 as might be expected.
This is possibly due to chemical enrichment from the hot spring and/or
physical differences such as stream size and flow.

Population estimates of the invertebrate communities of Kingling,
Norrig and Potosi were made by putting the mean number of Invertebrates
per sample on a per square meter basis (Table 26), Riffle populations

2
Table 26. Mean numbers™ of invertebrates per m~ at Ringling, Norris
and Potosi.

Sample Site 3 i 6 7 8 2

Ringling Surber 10322 2221 4867 131570 15110 3674
Ringling Ekman 572 1883 2361 3474 2872 2997
Sample Site 5 5 3 2 1 4

Norris Surber 4 g 263 348 3675 4371
Norris Ekman 13 4 2763 1849 1905 1847
Sample Site 2 i 3 4 5

Potosi Bdman 1694 959 882 1570 1324

% roupnded to the nearest wholes number
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of 11,570 and 15,110 invertebrates per sguare meter at Sites 7 and &
at Ringling can be compared with Barili's (1977) estimate of 6,007 per
m2 on Rosebud Creek which was belileved to be vich in invertebrate
numbers when compared with other Hontana streams.

Numbers 0f Taxa Pregent

The mean numbers of taxa per szample were generally depressed as
temperature increased. A similar negative correlation between numbers
of taxa end temperature was cbserved by Coutant {1962} in a series of
samples taken at 5°F (2.8°C) increments in the Delaware River. Howell
and Gentrv (1974} observed an increase in specles diversity as tempera-
ture decreased. Hopwood (1974), however, found no difference in
numbers of taxa between cold stations and stations within a thermal
plume in the Mississippi Bover.

Abundance At The Ordinal Level

Most of the major orders demonstrated a negative numerical
response to temperature. Exceptions were shown by the Coleoptera,
Pulmonata and Haplotawida which increased in number with temperature.
Howall and Gentry (1974} found that numbers of Hphemeroptera,
Plecoptera and Trichoptera decreased while numbers of Dipteva
increased with temperature in & thermal plume. Hopwood (1874} found
that Ephemeroptera and Diptera responded negatively o temperature
while Trichoptera numbers increased as temperature increased. Vincent

(1968) found numbers of Ephemeroptera and Coleoptera to be highest in
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a ecold riffle while numbers of Dipters increased in 3 hesped riffle
and Plecopters numbers ramained about the same in both viffles in the
Gibbon River. Masengill {1976} found that oligochastes increased In
number as temperature increased in 2 thermal plume in the Connecticut
River. This vardiebility of respomse at the ordinal level may be indica~-
tive of the varving thermal regimes of the various areas that yere
studied or may indicate that the ordinal Ilevel is not fine encugh to
detect thermal effects becauss of the variable thermal tolerances of
the genera and species within an order.

Abundance At The Genus-Species Level

Most of the taxa that showed significantiy different mean numbers
at Ringling and Potosi reached maximum abundance at intermedilate ov
high temperatures while the majcrity at Norris were most abundant at
low temperatures. This would suggest a better thermsl adaptation at
Ringling and Potesi and thermel aveidance at Novris.

With few exceptions, patterng of abundance followed patterns
previously established by Efrvequency of occurrence analysis.
Cheumatopsyche, Baetis sp. B, Dicrotendipes and Peloscolex ferox
deviared from this trend and achleved their mazlmum azbundance at inter-
mediste temperatures. This Is probably lodicative of a range of
thermal optimum within a breader range of thermal tolerance.

Correlation coafficients confirmed patterns of abundance estab-

ilished by the site means for those taxa that achieved maximum
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abundance at low or high temperatures. All of the tawa that achieved
theivy maximum numbers at Intermediate fempevatures wers found to be
correlated in a weakly negative manner with tempervature., This is
indicative of a greater abundance at the lower rather than the higher
extremes and can probably be viewed as a move vapid numerical decline

at supra-optimal rather than sub-optimal temperatures.

Several taxa veached maximum abundance at high temperatures sug-
gesting a high thermal optimum, Frocladius and Cladotanytarsus have
heen known to exhibit a high thermal tolerance (Curvy 1962).

Limnodrilus hoffmeisteri hss been observed to be the most numeTous
organism in the hottest sites in power plant effluents {Langford and
Aston 1972, Masengill 1976). FPhysa was observed to increase with
temperature in the Firehole River {(Jones 1976) and was found to be one
of the most important trout foods inm a heated section of the same
gtream by Kaeding (1576).

Three species of Hydropsyche reached maximum numbers at lower
temperatures. This genus has been known to be tolerant of high remperva-
trures {Roback 1962} and was oue of the numerically dominant organisms
collected in a thermal plume in the Mississippi River (Hopwood 1974).
This apparent contradiction is probably due to species differences
within the genus.

Maximum abundance at intermediate temperatures was observed fox

several species of mayflies. Baril {19773 found three of these spacies:
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Chovoterpes albiannulata, Tricorythodes minutus and Coenis similans,
to be capable of withstanding extreme conditions of slow flows, high
turbidity and high summer temperatures in Rosebud Creek, C(heumatopsyche
also reached maximum abundance at intermediate tempevatures. This
genus has been found to be tolerant of high temperatures as well as
a wide range of other physical and chemical conditiens (Roback 1962}.

Seasonal Variations

Both water temperature and macroimvertebrate abundance fluctuate
on a seasonal basis. The multifactor analysis of variance that was
utilized partitioned wvariation due to season, temperature and the inter-
action between the two. The effect of the interaction on macroinvertie-
brate abundance is difficult to interpret since no interaction means
can be calculated. An ezample of an interaction is presented (Figure
12) and shows that mean numbers of taxa do not vespond the same to
levels of one factor {temperature) when taken over all levels of the
other factor (season). The mean number of taxa increased between the
fall and winter samples for Sites 6 and 7 at Ringling while the number
of taxa at Site & underwent a drastic reduction in the same pevicd. A
significant interaction in the present study could be interpreted as
a disruption in the normal patterns of seasonal abundance by tempeva-
ture., The interaction befween temperature and season was found Lo
significantly effect total numbers of invertebrates, numbers of taxa

present, and abundance at the ordinal and genus-species levels,
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Figure 12. Interaction between temperature and season as it affects
number of taxa per sample (N) collected from selected
sites at Ringling.
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Seaseonal variation has been observed in the gualitative and
quantitative recovery of invertebrate populations during the winter in
thermal plumes. Coutant (1962), Masengill (1976) and Trembley (1962)
noted such recoveries in power plant effluents. Winter correlation
coefficients, with the excepition of the Norris Ekman samples, do not
indicate such recovery for the total number of invertebrates or the
number of taxa present. This may be a function of the distance
hetween cold and heared sites st Ringling, extreme thermal differences
between cold stations upstveam and statlons In the plumes at Ringling
and Norris or the thermal stability of the Fotosi sites,

The previously mentioned winter reduction In taxa at Site 8 at
Ringling was accowmpanied by a reduction in total number of inverte-
brates. These reductions were observed only in the riffle samples and
not in those from the pool. These changes were belleved to be the
regult of frazil or slush ice which was observed moving through the
riffle on several cccasions during the winter of 197/4-1975., A similar
reduction of a riffle population by frazil and anchor ice was observed
by Reimers (1957) aund Vincent (1966}. Benson (1955} observed entrap-
ment and movement of invertebrates in anchor fce but did not think
that numbers were large enocugh to significantly alter a riffle popula-

tion.



Stapding Crop (Biomass)

The relative productive capacities of stations within the tharmal
gradient at Ringling were estimated, in pavt, through the calculation
of standing crop as mean biomass per sample. Biomass was found to be
substantially increased as temperature decreased. The spring gamples
provided an exception to this trend with a positive correlation. This
was due Lo an abnormallv high bilomass present at Site 3 as a result of
a large population of gastropods. Similar negative correlations of
biomass with temperature were observed hf Bisson and Davis (1976} and
Coutant (1962). Contrasting data was presented, however, by Armitage
(1958} and Vincent (1966} who found that biomass increased with temper-
ature., Although Armitage did find a positive correlation between bio-
mass and temperature (+.386), the correlation was not significant.

He did, however, find a highly significant correlation {+.839) between
biomass and alkalinity.

Differences in standing crops over an interval of time have been
used as indices .of animal production (Cummins 1972). Armitage (1958}
believed that the difference between minimum and maximum standing crop
was indicative of the minimum production over that period of time. It
is believed, however, that animal standing crop is relatively constant
over a long period of time and that rates of assimilation and exchange
between trophic levels and turnover times ol various components are the

eritical factors in stream production {(Cummine 197Y2). Thus, the
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smaller standing crops at higher temperatures are not necessarily an
indication that production is higher at the cooler sites,

Colonization Rates

Macroinvertebrate numbers and biomass were velated to the rate of
deposition or colonization on denuded Hester-Dendy artificial sub-
strates. Investigations have velated the celonlzation of artificial
substrates with time, thus putting standing crop on 2 rvate related
basis. Sheldon (1977) found rate of colonization to flt a power
function and found it to be correlated more often with time than with
other factors, HNilsen and Larimore {1873) found that colonization
rates for both number and weight followed a sigmeidal curve which began
with a lag phase of about two weeks, a rapid exponential growth period
of abour two weeks and a leveling off at about four to six weeks after
the carrying capacity or an equilibrium condition was reached. If the
assumption is made that the mechanisms of colonization such as direct
transport or drift (Waters 1968) are in operation at an equal level
throughout the colonization period, then the lag and subsequent rapid
growth phases should be related to the acceptability of the sampler as
a colonizable substrate, A further assumption could be made that the
criteria for the acceptability of a bare substrate for macroinverte~
brate colonization would be related to the growth of bacteria, pevri-
phyton and filamentous algae and the subsequent entrapment of micro-

organisms and detritus as a source of shelter and feod. Williams
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et al, (1977} found that recclonization of a substrate was AcCCom—
iished, first, by detritivores, followed by periphyton grazers and
predators and concluded that colonization was related to the accumulae-
tion of various types and sizes of food particles. 1In this manner,
the colonization of bare artificial substrates was related to the
productive capacity of a staticon at which it was placed provided it
was harvested prior to equilibrium,

Despite negative correlations existing betwsen standing crop and
temperature, colonization rates of the plates werve found to incresse,
up to a point, with temperature. Low colomization rates at Bite 3
probably do not reflect the acceptability of the plates for coloniza-
tion due to the low numbers of invertebrates present and the absence
of tawxa that showed a preference for the multiplate samplers. The
high colonization rates at Sites 1 and 6 are probably indicative of a
shorter time period requived for the establishment of a suitable food
supply for the invertebrates, and hence, a greater productive
potential at the higher temperatures. Hopwood (1974) found that
colonization rates of artificial substrates were changed enough by
temperature to shift generic composition but statistical analvysis
showed no differences in the numerical rate of colonization between

cold and heated sites,
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Growth

Increased temperatures have been found to increase the growih
rate of many lavval insects. This relationship is based on 2 tempara-
ture summation theory ip which a certain number of degree days shove
a temperature of zero growth are requivred for a larval insect to
complete its development {Hewell 1973}. The temperatuve-growth
relationship may be limited on the upper end by z temperature that isg
supra-optimal for growth dus to the high caloric cost of maintenance
{ Nebecker 1971lc, 1973). TIncreased larval growth rates may rvesult in
early emergence {(HNebecker 1971la, Hewell 1973) although some specles
have been found to have other methods for the sychronization of
emergence {(Lutz 1968, Hebecker 1971b). When early emergence accom—
panies increased larval growth rates, the result may be a bivoltine
or multivoltine population of a species that is univoltine under normal
conditions (Newell 1976). This shortened generation time can increase
the productivity of & body of water (Nebecker 1971a).

Differences in growth were observed through an estimate of the
mean weights of selected genera from the Ringling samples. This
comparative method was based on the assumption that different mean
weights between sites were indicative of g diffevent timing in the
sequence of generations or of different growth rates and thus relatsad
to different rates of secondary productiomn. ALl of the investigated

taxa exhibited different mean welghts at different thermal sites with
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tures, The growth increment for the 10 taxa common fo Sites 6 and 7
was found to be 11 times greater at Site 6 than at Blte 7 betwsen the
fall 1974 and winter samples. This indlates a higher vate of assimila-
tion, and hence, a higher rate of production at the warmer winter
temperatures of Site 6. Hopwood (1974} found higher mean weights in
a heated effluent than at cold statioans, for selected inveriebrats
groups in three of seven 35 day periods.

Thermal effects on growth were further investigated through
length frequency analysis. The presence of a full range of sizes,
including individuals that appeared near to emevpence, of Tricorythodes
minutus and Chorvoterpes albiannulata at the warmer sites Indicated
that rapid development was accompanied by a shortensd genevation time.
Newell (1976} found that 7. mimutus was biveltine at colder study sites
while a population in a constant temperature spring was multivoltine.
Hyalella azteca exhibited a shiflt toward larger instars at higher
temperatures while Chewnatopsyche showed no shift in size at any
thermal site. This may indicate a strong thermal tolerance thal was
previously demonstrated by its frequency of occurrence and percent
contribution responses. The three modes may be indicative of thres

cohorts of a single species or three different species of the genus.
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Results suggest that secondary production rates may be increased
at higher temperatures at Ringling. Brock (1967) investigated primary
production in a hot spring gradient that ranged from 30 to 70°C. He
found that while standing crop was greatest at intermediate tempera~—
tures in the range under study, photosynthetic efficiency continued
to increase as the temperature increased to 70°C. An incresse in
primary and secondary production at elevated temperatures may result in
increased production at higher trophic levels., Kaeding (1976} theo-
rized that large populations of molluscs, emerging insects and a gen-
eral good food availability may have been responsible for better trout

growth in a heated section than in cold water in the Firehole River.
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Table 27, Mean daily maximum, minimum and median temperatures (°C)

per month and monthly maxima and minima measured from
February 1975 through January 1976 at Ringling.

SITE 3 Feb Mar Apr May Jun Jul Aug Sep Qct Nov Dec Jan
Maximum 35.0 36.0  34.C  37.0 37,0 41.0 40,0 43,0  35.0 34.0 34.0 35.0
Mean Maximum 34,0 4,1 33,7 33,0 34.7  38.7  4G.2  39.2  34.4 33.5 33,5 3401
Mean Median 32,4 32,5 32,0 32,1 33.4 37.2 37,1 37,6 33.4 32.0 32.0 32.2
Mean Minimum 30.7 30.9 30.3 31.2  32.0 35.7  35.0  36.0  32.4  30.4 30.4  30.2
Minimum 2.0 29.0  30.0  320.0 31,0 33,0 33,0 35.¢  32.9 30.0 30.0 2%.0
SITE 1

Maximum 29.0  2%.0  30.0  29.0 27.0 36.0 36,0 36.0 34,0 26,0 23.8  28.0
Mean Maximunm 26.6  2B.4 27,0 Z0.6 21.4  33.3 33.6 33.4 28,1 23,4 2L.3  23.0
Mean Median 24.5  25.1 24,8 19.&  19.5 31,0 31,5 31.6 27,2 22.4 20.2  20.9
Mean Minimum 23.0 21,7 22,6 18.2 17.5 8.4 29.3 29.8 26,2 21.4 19,1  18.8
Minimum 21,0 19.0 20,0 17,0 16.¢  26.0 26.0  27.0  23.0  15.0 17.0 14.0
SITE &

Maximum 15.0 22,0 23.0 24,0 23,0 32.0 32,0 32,0 Z6.0 20.0 18,0 21.0
Mean Maximum 16.4 18,3 20.4 15,7 16.5 28,3 29.4  27.7 22.1 18.2 15,5 15.8
Mean Median 13,9 17.0  18.¢ 13.9 14,4 26,2 27.2 24,7  21.0  16.9 14,2 13,8
Mean Minimum 11,3 14,7 15,6 12.0 12,2 24,1 23.0 21.7 19.8 15.6 12.9 11.7
Minimun 9.0 12.% 14,0 10.0 6.0 20,0 22.0 20,0 i6.0  1i.0  10.0 9.0
SITE 7

Maximum 14,0 15,0 17,0 20.0 21.0 27.0 28.0 28.0 19.0 14.0 14.0 12.0
Mean Maximum 11.3 12,8 14,0 12.8  13.6 23.9  23.7 20.1  13.8 10.0 8.4 8.7
Mean Median 8.6 9,7 12,2  i0.6 1Z.0 21,3 21.0 17.0 12.7 8.6 6.9 6.7
Mean Minimum 5.9 6.8  10.4 8.4 11,40 18,7 18.3 13.8 11.5 7.1 5.4 4.7
Minimum 4,0 5.0 9.0 7.0 5.0 15.0 17.0 14,0 0 5.0 2.0 3.0
SITE 8

Maximum 7.6 10,0 1z, 17,60 18.0 21,0 22,6 23.0 140 10.0 9.0 7.0
Mean Maximum 4,3 7.0 g.0 11,4 11.1 18.6 18.0 16.2 8.9 4.3 4.0 3.9
Mean Median 3.2 5.3 7.3 a.5 9.6 16.4 16.6 14.7 7.7 3.4 3.2 2.8
Mean Minimum 2,1 3.6 5.5 7.6 8.0 14,2 15,2 13.1 6.4 2.5 2.4 1.6
Mindmum 4.0 2.0 4.0 6.0 5.8  12.0 i4.0 7.0 3.0 6.0 8.0 0.0
SITE 2

Maximum 7.0 9.6 11,0 16.0 18.0 20,0 24.0  24.0  13.0 12,0 5.0 7.0
Mean Maximum 4.7 6.7 8.8 11,0 11.7 18.5 19.0 15.9 8.7 4.8 4.1 3.6
Mean Median 3.6 [ 3] 7.0 9.3 1D 16.4 174 140 7.4 3.9 3.5 2.7
Mean Minimum 2 3.1 5.2 7.6 8.3 14.3 15.8 12.0 6.1 2.9 2,8 1.7
Minimum 1.0 2.0 4.0 6,0 6.0 12,0 12.0 7.0 3.0 1.0 0.0 1.0
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Table 29. Genus-species fregquency of ocecurrence (X 100) in pooled
gamples collected by all sampling methods at thermal
levels composed of sample sites at Ringling, NHorris and
Potosi with similar temperature regimes.

Thermal Levels®

1 2 3 4 5 &

Collembola

Tsotomurus sp. 8.0 .0 - 0.0 1.4 0.0
Ephemeroptera

Ameletus cooki 3.1 0.0 - 0.0 0.0 -
Baetis sp. A 28.1 41.1 35.¢ 7.1 0.0 0.0
Baetis sp. B 1.6 31.3 23.0 0.0 0.0 0.0
Callibgetis sp. 1.6 3.1 0.0 0.2 0.0 0.0
Choroterpes albiamulata 29.7 32.8 34.4 18,8 0.0 0.0
Pargleptophlebia heteronea 25.0 25.0 - 12.5 0.0 -
Ephemerella grandis 3.1 0.0 - 6.0 0.0 -
E. inermis 56.3 37.5 - 31.3 0.0 e
E, infrequens i.6 9.4 0.0 0.0 0.0 0.0
Tricorythodes minutus 19.2 26.8 27.5 5.3 0.0 0.0
Caentis simulans 31.3 40.6 40.6 25,0 0,0 0.0
Odonata

Erythemis sp, 0.0 37.5 0.0 12.3 0.0 -
Ophiogomphus spp. 17.3 14,3 27.5 17.5 0.0 0.0
Aesehna umbrosa 3.1 6.3 0.6 0.0 0.0 0.0
Argia sp. 0.0 25.0 0.0 12.5 0.0 -
Taehnura spp. 12,5 21.¢ 6.3 18.8 0.0 0.0
Plecoptera

Nemoura sp. 12.5 6.0 0.9 8.0 0.0 -
Pteronarcella badia 62.5 0.0 - 6.3 0.0 -
Aroynopteryr sp. 25.0 0.0 - 0.6 0.0 -
Diura knowltowi 37.5 12.5 - 0.6 0.0 -
Isoperla fulva 81.3 31.3 - 0.0 0.0 =
Hemiptera

Hesperocorica laevigata 1.0 0.0 0.0 0.0 0.0 ¢.0
Sigara omani 0.0 6.3 - 0.0 0.0 -
Ambrysus heidemanni 0.0 12.5 0.0 12.2 12.5 0.0
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Table 29 {continued)}.

Thermal Levels®

1 2z 3 4

Trichoptera
Heltcopsyche borealis
Polycentropus sp.
Cheumatopsyche spp.
Hydropsyche sp. A
Hydropsyche sp. B
Hydropsyche sp. C
Hydropsyche sp. D
Hydroptila spp.
Oxyethira sp.
Chimarra sp.
Oecetis sp.
Brachycentrus sp.
Micrasema sp.
Hesperophylax sp.
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Coleoptera

Agabus sp.

Deronectes sp.
Hydroporus sp.
Helophorus sp.
Tropisternus sp.
Curculionidae
Dubiraphia minima
Microcylloepus pusillus
Optioservus quadrimaculata
Zagtzevia parvula
Haliplus sp.
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Diptera
Dicrgnota spp.
Hexatoma spp.
Tipula sp. A
Tipula sp. B
Tipula sp. C
Telmatoscopus sp.
Aedes sp.
Simulium spp.
Conchapelopia spp.
Procladius spp.
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Tahle 29 (continued}.

Thermal Levels#®

1 2 3 4 5 )
Diamesa spp. 23,1 16,1 0.0 1G.7 0.0 G.0
Odontomesa sp. 34,3 31.3 - 43,8 0.0 -
Chironomus spp. 5.2 2.1 0.¢ 0.0 0.0 0.0
Cladopelma sp. 0.0 %.3 0.0 0.0 0.0 0.0
Cladotanytarsus spp. 8.3 2.5 15.0 17.5 0.0 0.0
Cryptochironomus spp. 8.3 4.2 12.5 1l4.6 0.0 0.0
Dicrotendipes sp., 31.3 28.% 21.9 21.9 0.0 0.0
Endochironomus sp. 6.3 0.0 0.0 0.0 0.0 0.0
Micropsectra spp. 45,2 26,8 47.5 35.7 0.0 0.0
Mierotendipes sp. 43.8 12.5 - 18.8 0.0 G.0
Paratendipes sp. 17.2 15.6 25.0 12.5 6.9 0.0
Phaencpsectra sp. 2.1 4.2 0.0 0.0 0.0 0.0
Polypedilum spp. 3.8 10.7 12.5 1.8 0.0 0.0
Fheotanytarsus spp. 47.2 62,5 65.0 42.5 5.0 0.0
Stictochironomus sp. 3.1 0.0 0.0 0.0 0.0 0.0
Tonytarsus spp. 1.0 1.8 0.0 3.6 0.0 0G.O
Acricotopus sp. 3,1 6.0 6.3 8.3 1.6 0.0
Cricotopus spp. 26.0 26.8 27.5 30.4 0.0 0.0
Eukiefferiella spp. 2.9 17.9 5.0 106.7 2.8 0.0
Hydrobaenus sp. 25.00 0.0 0.0 0.0 0.0 -
Lymnophyes sp. 0.0 0.0 - 0.0 12.5 -
Orthoeladius spp. 39.6 39.6 18.8 35.4 CG.0 0.0
Paraphaenocladius sp. 0.0 0.0 0.0 0.0 6.0 3.1
Pseudosmittia sp. 0.0 0.0 G.0 G.0 6.3 G.0
Allugudomytia sp. 6.6 3.1 0.0 0.0 0.0 0.0
Atrichopogon sp. 0.0 0.0 0.0 0.0 25.0 -
Tr., Stilcbezziini 12.5 22,5 12.5 7.5 5.0 0.0
Eulalia sp. 8.0 0.0 0.0 12.5 3.1 8.0
Stratiomyia sp. 0.0 0.0 0.0 2.5 10.0 0.0
Chrysops spp. 10.4 4.2 6,3 6.3 0.0 0.0
Tabanus sp. 0.0 3.1 2.0 3.0 6.0 4.0
Hydrophorus sp. 1.6 0.0 0.0 0.0 0.0 0.0
Empididae 5.2 12.5 0.0 .0 0.0 0.0
Muscidae 0.0 0.0 0.0 0.0 6.3 0.0
Limmophora aequifrons 4.2 2.1 6.0 0.0 0.0 0.0
L. torreyae 0.0 0.0 3.1 5.6 0.0 G.0
Notiphila sp. 4.6 3,1 6.0 0.0 0.0 0.0
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Table 29 (continued)}.

Thermal Levelg#®

1 2 3 4 5 6

Haplotaxida

Eisentiella tetraedra 1.4 26,8 6,3 2.1 0.0 9.0
Limodrilus elaparedianus 9.7 2.5 0.0 0.0 0.0 0.0
L. hoffmeisteri 15.6 35.4 18.8 47.9 20.8 0.0
L. spiralis 2.0 0.0 6.0 0.0 0.0 -
L. udekemianus 5.7 8.9 2.5 1.8 2.8 0.0
Limodrilus spp. (immatures) 32.7 21.4 0.0 17.9 0.0 0.0
Peloscolex ferox 28.8 25.0 17.5 32.1 2.8 0.9
Ophidonais serpentina 3.8 5.4 7.5 1.8 0.0 0.0
Hirudinea

Dina anoculata 1.0 0.0 0.0 3.6 0.0 0.0
Helobdella stagnalis 1.0 5.4 0.0 0.0 0.0 0.0
Hydracarina

Sperchon sp. 6.3 0.0 0.0 0.0 0.0 0.0
Pulmonata

Physa spp. 30.8 30.4 45.0 42.9 22.0 0.0
Lymaea spp. 9.4 3.1 0.0 3.1 12.5 0.0
Gyraulug sp. ¢.¢ 3.1 3.1 0.0 0.0 0.0
Heterodonta

Pistdium spp. 19.2 5.4 0.0 5.4 0.0 0.0
Ostraceda

Cypris sp. 6.0 0.0 0.0 O 12.5 0.0
Iliocypris sp. 50.0 12.5 0.0 O 0.0 -
Amphipoda

Hyalella azteca 22.1 37.5 40.0 25.0 2.8 0.0
Gammarus lacustris 6.3 0.0 0.0 0.0 0.0 0.0

*Thermal Level 1 = Sites Z and 8 Ringling, 1 and 4 Neorris and 5 Potosi
2 = Sites 7 Ringling. Z Norris and 4 Potosi

3 = Sites 6 Ringling and 3 Potosi

4 = Sites 1 Ringling, 3 Norris and 1 Potosi

5 = Bites 3 Ringling, 5 and & Norris and Z Potosi

6

= Site 4 Ringling
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Table 30. Mean genus~species number and percent contribution per
bottom sample at Ringling, Norris and Potosi, with the
results of multifacter analysis of variance,

Sample Sites Analysis of Variance
Ringling, Surber 3 1 G 7 8 2 Date Site Dake x Site
HPHEMEROPTERA
Bagtie sp. A 0.0 a.¢ 2.8 20.8 52.7 3.2 HS "3 5
0.0y £0.8) (2.0 3.8 (5.4 {05} BS HS 4s
Bagtia sp. B 0.8 0.8 2.8 7,5 1.0 4.0 #s HS 5
©.0) (0.0 (0.8 (0.5 (0.5 (8.0} us 13 Hg
Caenis eimulons Q.0 a.? 1.7 2.7 25.3 15.9 8 B8 NS
(0.0} 0.3 (.33 (0.3} {0.8) (4.2} H H 3
Choroterpes albiannulata 0.0 2.1 128.% 151.4 87.3 5.6 HS HS 8
(0.0)  {0.8) (10.0y (24.2)  {2.8) (1.3} [+ HE HE
Tricorythodes winutusg 9.0 .3 58,4 133.3 60.2 9.1 H8 ° HS Hs
(0.0 {0.1) a9y {eupy (2.1 (6.2 HE HS HS
TRICHOFTERA
Chewmatopstiahe spp. 0.0 11%.8  180.4 533,90 4037 204.0 HE 35 HS
(0,03 (32,7) (29.2) (37.2) (1&,9) (48.3) 5 HE B
Hydropsyche sp. A 0.0 9.0 4.3 15,2 203.7 3.1 #S HS H5
(0.5 G.8y 0.8y (1.0 {(10.8) (0.3 HE HS HE
Bydroreyche sp. B 0.0 0.1 9.6 1.5 6.5 .0 HS HS NS
(6.0)  {0.04) (0.6 (0.7} (2.4 {0.0} s 3 NS
COLEQPTERA
Dubiraphta minima 3,0 5.8 2.5 2.1 0.6 26.0 HS HS HS
0.0y (4.0)  (3.6) (0.4}  {0.02) (B.&) HS 4 Bs
Migrocylicepus pusillus 4.0 7.6 47,6 153.3 18,5 .0 H3 E HS
(2.0) (8.5)  {8.3) (18.3y 0.7y {D.0} s EH] S
optioservue gquadrimgculatus 0.0 7.6 2.3 1.3 8.9 13.2 HS qs HS
(0.0} (2.9 (0.4 (0.1} {86} (53.00 S i3 HS
DIPTERA
Simulium spp. a0 4,3 .6 3,9 148,88 114 NS #S S
(0.0 (5.2} (2.7} 0.3y {13.0) {2,8) g ne HS
Conehapelopia sp. 4.0 4,5 7.9 1.5 .3 2.4 s g 5
(0.0)  (2.0) (1,4} (0.3} (0.3} (0.5} as as ]
Criestopus spp. 0.0 15.% 25.8 5,9 27.5 0.0 HS €S HS
(2.8 (6.6) (5.8) (0.8 {(2.3) (5.1 HE i3 s
Diamesa spp. 0.0 1.0 0.0 1.0 g.1 1.0 #E HE Ha
0.03 0.8y {0,093 (0.3} {0.7) (0.5} HS NE ¥5
Mioropsectra spp. 0.0 5.3 13.7 3.6 3.5 8.4 3 NS 5
(0,0} (2.3 £2.5) {3y (0.4 (5.8 #8 £ HS
Onthosladiug spp. 4.0 4.2 10,8 12,2 122.4 6.2 H25 s HS
0,0 fh.9) (8.1} (3.7r {I3.4) (2.9} HS ES 3
Rhaotanytareus spp. 0.0 10.1 343 51.4  167.4 Ok #5 S HS
(0.0)  {4,5) {7.1} (3.®) (5.2} {6.1} K3 =S HE
OLTGOCHAETA
Linmodrilue hoffmaisteri 2.7 7.0 1.2 B.5 ¢.0 0.0 B HS N8
(30.8)  {5,9) (0.9} (8.1} (G.0y 0.0} s 5 g
Limmodriiye {immatures} 0.0 0.0 0.0 0.4 8,8 - 0.4 § HS HS
(¢.0) (0.9} (6.0)  (0.84) (0.1F (8.1 8 5 HS
PULMONATA
Fhysa spp. ’ 79.8 6.0 6.2 5.8 2.4 18,2 HI HS HS
(16.1) {2,2) (1,3} (0.8 (0.1} (4.1} HE He HS
AMPATIPODA
Byalells asteen 0.0 16.0 £ 7.3 34.1 6.5 HY s HS
0.0} (4.7 (0.7} £0.5) (1.2} {1.5) us HS HE



Table 30 {continued).

Sample Sitap analysis of Varfance
2ingling, Ekman 3 1 El 7 ) z Tute Size Bate x Site
EVHEMEROPTERA

Caenis stiwulons 9.8 1.8 3.8 2,4 0.5 53 g HS
(0,03 (5,53 (2.7 (2.9} (B.B} Hs iS5 as
GO ERA
8.0 2.3 4.7 5.0 HS u% a8
(0.5} L3y 34030 (5.0} s S HE
0.8 8.0 2.1 a1 6.6 g Hg
(3.0 (0,03 (2.3 (3.4 {4.4) (3.9) HE
a8 G.4 [ 8BS HE i%]
(2.2} {2.73 [§iN ] HS 3 HS
0.8 3.4 & B3 HE
16.0} 0.7 (0,22 L us
0.4 i.Z 0.z HE
(0.0} £3.2} {0.3 ©E
a.0 O8] 2.3 Hg
10.83 (36,32 {1.3} HS
a.0 8.3 9.8 88 i@s
{0.03 {12.5)  {3.9} 8 S
3.0 7.l .7 Hs EES Hs
(G.0) 115.02 (9.1) €S s HS
.0 &.9 0.2 6]
0.0y (1.3 (0.3} us
1.3 0.6 1.3 boh S HE
{32.1} {207y LBty {w.2 Hy EH]
uet (immatures} a,9 . 0.8 .0 14.% 2.3 HE
0.0} {G.0} (8.0} 5,07 {12.4} {G4.5} HE
Ian Pesox 3.3 1.8 4.2 1.4 i.i 15,3 5 &5 HE
{0.8) {a.6) (9.7} {5.6) {1.13 {18.0} 3 Hs H
PULMONATA
Fhiyas spp. i 1i.1 5.0 .1 0. 5.6 5 5 HE
(12,9} {9.1y {8.0} {1l.4} (0.1 {8.3} BE N3 2
2.0 1.3 8.0 22,2 5.2 4.1 HE kS uS
0.0 6.8 {00y (168 (6.4) (2.1} HE HE HE
Bampie Sites
Mozrig, Surber 3 2 1 4
PLECOPTERA
e Kl iond 4.0 0.4 1.3 L.0 e %13 ity
0.4 (0.8} (0.4} {5.71 RS 5] T
Isoparia fulva 0.8 1.0 7.8 19,4 hit3 S a5
[N 3.6 (3.00 (5.3} ety HS H#5
G.0 o3 3.4 5.9 q3 H3 B3
(0.0} 1.0y {L.3 {11} HE N§ S
2.8 M5 & £+
{:.8) s ®S k5
.0 B3 H5
{11.3) Hg w5
fr heteronsa 7.8 s
(1.5} i
& wianing 1.0 HS
(0.9} s
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Table 30 {continued}.

'Ssmple Sites Analysis of Variance
Norris, Surber 3 2 1 4 Bate Site Date x Site
TRICHOPITRA
Braohycentrus sp. .o 0.9 26.5 48,1 NS HS NS
(0.0} (1.5) (8.2) {4.3) 5 HS NS
Hydropsyche sp. D 0.1 2.5 82,9 111.4 5 3 NS
(5.3 (5.6 (8.7} (18.3) HS HS HS
COLEGPTERA
Optioservus quedrimgeniagius 0.0 4.8 23.8 33,5 N§ . NS NS
(0.0) (7.8} (5.6} (3.9} ES B HS
DIPTERA
Hexatome spp. 0.8 8.4 16.6 24.5 w3 B 53
4.9y 0.2y {6.4) QAR 8 N3 HS
Plpula spp. 4.0 0.4 2.9 6.0 NS N5 NS
(0.0) 3.2y (1.3} (L7 HS ] HS
Dicpmesd spp. 1.4 1.8 1.1 7.9 NS X3 NS
(2.5  €%.23 {0.2y (3.1} HS ES ES
Microtendipea up. 0.4 0.6 109.3 30,3 8 HS S
{1.0) {1.0) {25.%) {4, 7) HS 551 HS
Ovthooladias spp. 4.8 g.8 20.0 £0.3 61 NS N§
(:2.9) (18,8 (4.2} (6.0} HS HS s
OLIGOCHAERTA
Linmodrilus hoffmeistari 9.3 1.1 2.5 1.5 HS HS HS
(30.31) (17.3 (2.5} (4.3 HS i) HS
Limeodriius {(immatures) 3.0 0.3 4.6 5.0 HS XS NS
(5.8} {G.43 (2,7} {G.9) HS E3 Hs
Fgploseolex feror 2.3 0.8 0.8 4.0 NS NG NS
£22.7) (5.0 (3.6} (1.9} HS H8 HS
PULMONATA
FPhysa spp- 2.0 0.4 1.6 6.0 NS 5 HS
{5,713 {0.8) {1.1) (1.1} HS 1S HS
Norris, Bkman
DIPTERA
Hezcitomz spp. 6.9 0.3 1.0 1.5 NS NS NS
(1.4) (0.6 (19.2) (12.2) Hs HS 1S
Odemtomesa sp. 1.9 3.3 7.1 1.9 NS S NS
{3.3) (11.2) (14.5) (7.0 N3 NS xg
Onthocladius spp. 3.4 0.8 2.8 1.3 1s HS 3
(5.8) (3.4 (8.0} (1,2) NS NS NS
CLIGOCHAETA
Limnadrilug hoffmeisteri 24,5 16.8 0.0 G. 4 1S 5 NS
(32.8) (37.4) (G, (2.9} NS HS HS
Linmadeilus {immatures} 17.4 9.4 7.6 8.9 HS NS NS
(26.2y {15.9) (310,3) (23.4} NS g 5
Fgluavolen farow 3.8 13.8 21.0 17.8 BS kS BS
(7.3 {21.8) (17.9) (22.8) Hs s H&
HETERODONTA
Plaidiuwn spp. 0.3 0.8 1.4 2.3 N3 1S NS

0.7 (6.6) (2.0 {13.8) xS s S
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Table 30 {continued).

Sample Sites Analysis of Variance
Potosi, Zkman 2 1 3 & 5 Bate Site Date x Site
COLEQOPTERA
¥ierooyllcepus pusillus 29.3 8.4 1.0 6.9 1.0 HS S HS
£55,3 (38.8) (51.6) (21.43} £2.7} HS Hs NS
GIPTERA
Conchape lopila sp. 1.5 G.9 4.4 3.8 4.8 § Hs 1S
{10,233 {(4.3)  (19.%) (11.3) (10.5) NS HS HS
Folypedilum spp. 0.4 6.0 8.5 1.1 4.0 i1 HS 8
{0.0) {0.0) (3.3) (3.1} (16.4) BS HS HS
Bheo tanytarsus spp. 3.0 5.6 6.5 1.3 4.0 5 N3 EE]
(15,3 (1z2.8) (3.2) (3,1 (G.0) HE 8 Hs
CLIGOCHAETA
Limmodrilus udekemianus .3 0.0 0.1 1.6 3.0 NS ®3 hobsd
(2.6) (0.0} £9.4) (4.3 (5.7) NS S HS
PULMONATA
Physa spp. 3.9 1.5 0.& 0.4 0.0 HS HS ks
(1G.8) 8.1 (1.5 (1.3} (0.0} H3 HS He
AMPHTIPODA
Hyalello aateca 0.5 2.4 .5 i1.9 3.3 8 HS &
(2.4 (10.8) (11.2) (31,9 (13.1) HS Hg i

4in parentheses

* 85 = highly significant difference (P<.01)
S = gignificant difference (P<,05)
NS = differences non-significant
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Table 31. Annual and seasonal correlation coefficients and coeffi-
clents of determination® for mean genus-species percent
contribution per bottom sample at Ringling, Horris and
Potosi, as correlated with temperature.

Time of Sample

fipeling, Surbep Anmual Fall 74 Winter .Spring Summer Fall '75
FPHEMEROPTERA
Begtle sp. A ~. 065 -.199 - 654 -, 556 -, 751% ~.620
{<.01) {84} (.43} {31} (.56 €.39)
" Bgetis sp. B -, 053 «.231 ~.18% D00 -.193 +.0831
{<.01) (053 (.04} (.00} (.04 {<.61}
Cagnie similans - 108 . 630 +, 821 ~.B53 +, 779% 262
€.01} (.40} (.60} (.43} {.61} £.07)
Choroterpes albimmmdeta -.317% - 794K «.125 ~.351 ~.328 ~.328
{.10} {.63} (.02} (.12} [§939) (.10}
Tricorythodes minuiue -.252 —.348 -, 10G Ry -. 604 -, 337
(.06} (.12 (.01} (.18} (.37 {.11}
PRICHOPTERA
Chewmtopayche spp. +.342% #7132 ~. 089 - 367 -, 494 +. 870%*
{.12}) (.51} (.01} (.49} (.24} {.76)
dydropeyche 8p. A ~. 216 - B51%* - 489 —.651 -, GG -. 679
. G3) .73 (.24} {42 (.72} {.46}
Hydropayche sp. B 137 -, 126 —.308 500 ~ 77 -7
£,02) {023 {.152 {00) (.59} {.16)
COLEOPTERA
Dupiraphia minima +,192 +. 7452 +. 662 +.089 +.729% +. 680
{.04) {.58) {.36) .01 (.53 {.48)
Heroaylloepus pusillua -.043 +.024 +.723 -. 248 - 221 -. 096
{<.01) (<, G (.52) {.08) (.05} €.81)
Optioserius quadeiraoulatus +, 3800 +. 656 LA YL ~. 608 ~. 768% +.757%
{.14) [§ 33} {.55) (.37 (.5%) .5h
BIPTERA
Simuliram app. - IR - 673 -.553 +.839% - TE5H - 655
{.10} {.53) ¢.31) (.71) (.58 1,433
Cemahapelopia sp. +. 5218 +.137 +.038 ~.1758 +, Bk +.546
£.27) (.62) (<.0%) (.83 {77 {30
Crisctopus spp. +. 6095 +.693 - 362 800 +,815% +,678
(.37) (. 48) (.13} (.00 {.67) {.46)
Mloropssetre spp. +, 5704 +, 328 - 481 -.353 +.9338% +,183
{33 (.28} (.23} (.31) {.B87) {.03)
Ahactanytarsus app. +.226 - Bl4% - 200 L0800 +. 92582 ~ . (82
{.05) (.68} (B4} (.00} {.86) {.01)
OLIGOCHAETA
Limmodritue haffraisteri o317 +.2L4 . +, J8nhk +.279 B0 +.475
{103 {.05) {.62) (.08 {.00) £:23)
Limmodriiue (inmarures} - GG -, 763% -.330 -804 -.386 -.28%
{47 (%13} {.28) .e0) {.15} {09}
BULMONATA
Physa app. +, 282 +.27% +,630 +, D05k -+, 098 -, 188
{.08) £.08) (.40 (.82) {.01) {.03)
AMPHIPODA
Eyalelia aateca +, 3754 B -, 283 . 185 +, 754 .o00
(.14} {.42) {.68) (.01 {.57) {.00)
Ringiing, Fkman
EPHEMRROPTERA
Coenis aimilang -.172 ~. B0 -.0az - 426 Busi +.136
£.033 (.38} {<.81) {.18} {.00} (G2}
COLEOPTERA
Dubiraphic minima +, 300 +.352 +. 7T - 463 +.016 +.756%
{.09) (.12} {60 (.21} {903 {.57)
Mierooyllospue pustlius ~.350% -, T8E* -.062 -, 226 Rl -, 269

{.12) {.62} (<03} (.05} (.00} (.07}
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Time of Sample

Ringling, Ekman Annual Fall 74 Winter Spring Summer Fall '75
DIFTERA
Cladotany tarsus spp. +,376% L0006 +.568 +.075 ~.219 713
(.14) (. 00) (.32) (.01} (.05) {.3L)
Comohapelopia sp. +.022 +.189 +.014 000 L 000 ~. 364
(.o (.04} (.00 (.06} (.00) (.13)
Cryptochironoms sp. +.346% 000 -.33% -, 645 +.575 +.195
(.12} (600 (.12} (LAZ) (.33} (.04}
Dierotendipes sp. -.170 . 164 -.547 . 006G ~.673 - 459
{.03} (.03} (.30} {.00) (.45} (.25}
Mioropsgctra spp. - 327% -.637 -.634 +.157 - T34% -, 920%%
(.14} {413 {413 {.02) {.54) (.85)
Paratendipes sp. -, 090 . 000 -. 346 +. 369 -.118 4,219
(.05 (.00} {1 (.34} (.01} (.05
Procladiue sp. 4,417 +. 591 -,237 Riet] +. 350 +.9LExE
{.17) {.35) (.08 (.00) (.12; (.84}
OLIGOCHAETA
Limnodrdlus hoffmeisterd +, 304%% 000 -+, FB2% . 736 +. 342 +.472
(.16 (00 (.58} (.54} (.12} (.22)
Limodrilue (immatures) w«, 235 .0o0 ~-.571 -,318 .0ag -, 581
(.086) (.00 (.33} (.10} (.00} {.34)
Petascolex ferox -, (92 -. 208 - 253 4,562 +. 078 +, 036
(.01 (.04) (.06} (.32} (.01) {<.01)
AMPHIPODA
Hyalelila arteca ~.183 —. B30%% 000 - 428 L 000 -, 380
(.03 [ (.00) {.18) (.o {.14)
Norris, Surber
PLECOPTERA
Tsoperla fulva - . 368%% -, 504 ~. G26%% -.156 w551
(.32} {.13) {.86) {.02) (.30
TRICHOPTERA
Brachycentrus sp. - AZT* ~. 363 b6 -, 609 -.781%
(,18) (.13) (.21) (.37) (.61}
aydropayehe sp. D - G50 -. 641 - 767% +.107 - ThE®
{.18} (.13) (.21 (.37) (.61}
COLECPTERA
Opticservus quadrimioulatus ~.325 -.883 - Thh% w314 -, 691
(.11} (.47} {.35} {.10} (.48)
DIPTERA
Diamesa spo. ~. 040 L 060 ~.198 L0006 ~. 852
(.01} (.00} {.04) (.08} (.80
Miopotendipes sp. ~.3189 -, 481 -~ 450 -.270 -.676
(.100 {.23) (.20) (.0 (.46}
Orthooiadiue spp. +.314 ~.353 ~.101 - 270 +.675
{.1m (.31} (.01} (.o (.46)
OLIGOCHAETA
Limodrilus hoffmeisterd +, 455%% +.531 . Q4R +. 020 000
(.21} (.28} (.89) (.00} €00}
Limpodeilus {immatures) +. 307 - 307 T, §12E ~.158 -.477
{.09} (.09} {.83) {.03) (.23}
Feloscolan Farox A+, 535%E +.953%% +.079 +, 5T RE +, 93L%*
.29 (.81 {.01) (.92) (.87}
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Table 31 {continued}.

Time of Sample

Korris, Bkman Annual Fsll '74 Winter Spring Summer Fall 75
DIPTERA
Hezatoms spp. ~.416% -.368 ~.575 -, 657 +, 664
17 €15} (.33} (.43 (. 44)
OLTGOCHAETA
Limmodrilus hoFfmeisteri 45T +,B65%% +.458 +.579 +.102
(.20) . 74) (.71 {.36) (.01}
Peloscoler ferox ~.186 ~. 309 +. 489 +, 046 ~.T63%
{,04) .10} (.24) {.01) (.58)
HETERODONTA
PMlaidiuwm =pp. w247 - 452 ~ 465 -, 227 -, 602
{.06} (.20} (.22 (.05 {.36)

Porost, Ekwman

COLEOPTERA
Miovocylloepus pusiilus +, 4 50%% -.153 +. 791 R% . 863%% +.215
(.20} {.02) (.63; (.753 (.05}
DIPTERA
Conckapelopia sp, ~.(188 +. 040 -, 756%% ~.635% 4. 731%
(.08) (.01) (.57) {. 40} {.54}
Polypedilum spp. -, A5TH .00 -.327 —.715% -.181
(.12} (.00 .11 {.31) (.00
Fheotanytarsus spp. +.313% +.771a% 000 .000 +.031
(.10} {.5%) (.00) (.00 (<.0L)
OLIGOCHAETA
Limpdrilus udekemionus ~.287 +, 445 -.687% ~-.257 -.273
{.08) {.20} (.45} (.07} (.08)
AMPHIPODA
Hyalella antsca -, 347% - 312 -, B04%* - B REx -~ 373
(.12} (.10} {.65) {.46) (.14)

T parentheses
* significant (F<.05)
sipiphly significant (P<.01}
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Table 32. Mean weight {mg} of selected taxa from fall and winter
samples at Ringling.
Fall '74 Winter Fall '75
Samples sites ] 7 & 1 5 7 g 1 6 7 8
EPHEMEROPTERA
Baeiis sp, A ~- W67 .87 .22 - 4.45 1,13 1.39 - .86 1.04 .50
Baetis sp. B - .84 .68 1] - .84 L84 - - 1.02 .98 -
Caenis simulang .70 .45 A2 A8 - 1,14 .51 - - 45 69 -
Choraterpes albiannulata .98 .58 32 .25 - 1.37 L9% - 2,48 .88 77 L.30
Tricorythodes minutus - .80 32 .25 - 1.00 74 - L2564 38 .25
ODONATA
Thnura sp. 14.79 - 14,89 .03 - 1.40 12,30 - - - - -
Cphlogomhus sp. 22,50 47.H6 301.%0 .38 98,60 64.08 - - 235.18 B0 45,90 -
TRICHOPTERA
Cheymatopsyche sep. 1,36 3,38 3.56 4.11  6.46  5.41  3.11 1.30 3,14 3.46 5,00 5.5%
Hydropsyche sp. A. - 13.80 7.79 2.26 - 5.58 10.19 7.57 «  B.73 5.28 4.44
Hydropsyche sp. B - 7.97 6.50 5,31 - 24,80 - 1.25% 7.85 7.88 6.44 12.56
Polycentropud sp. 8,70 1.15 - 4,90 - 4.10 - - - - 3.72 -
COLEOPTERA
Dubiraphio minimy (13 . 88 58 .51 .25 .71 .33 L 30 - a3 .70 .58 -
Microeylioepus pusillus (1) - .38 533 .70 A5 .51 .39 - - L&D L4243
M. pusiliue {a)% - 54 .55 63 - - 61 - - .55 .3 L4
Gptioservus
quadrimaeulatus (1) .23 .57 15 .29 .54 .80 - - L3 .67 - .91
0. gquadeimaculatus (a) - .82 .88 1.17 - - l.00 - - .60 - 99
DIPTERA
Simiiium spp. - - LB2 .40 - .15 .91 1.63 - - 278 1.1
Conchapelopia sp. .36 W1 L1860 .36 - .37 .68 - .35 - .23 -
Criootchusd spp. .16 L19 37 L 26 - - .54 - L3600 .33 .41 W94
Dicrotendipes sp. 49 .23 18 1.49 - .69 .60 2,65 L1& L35 A7 48
Micropsecira spp. W11 04 - .03 - 1.20 .30 .25 07 .13 05 .35
Orthooladiue spp. - - .G - .15 L4535 .38 .73 - - 1D .98
Fhzotanytarsus spp. - .38 13 G0 - .20 .20 .67 .10 W15 .08 .15
PULMONATA
FPhysa spp. 24 .45 6.67 4,73 1.B0  17.08 30.86  4.78 - 9.76 7.71 9.00 1%.97
AMPHIPODA
Ryalella asteca - 1.42 I3 72 - 1.60 .83 - - - - -

* {1) larvae

{z} adults






