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The objectives of this research were to learn how moderate tempera-

ture elevation together with interspecific competition may affect the

production of juvenile salmonids and the biomasses and diversity of

aquatic macroinvertebrates.

The effects of a 4°C temperature elevation were examined in two

outdoor experimental stream communities for one year with only steelhead

trout (Salmo gairdneri, Richardson) present and for one year with steel-

head and coho salmon (Oncorhynchus kisutch, Walbaum) present. Tempera-

tures were allowed to fluctuate dielly and seasonally. Both streams

received identical amounts of unfiltered creek water that contained

sediments and stream organisms and both streams contained resident

macroinvertebrate communities. Midsummer insolation was about 25 per-

cent greater and autumn leaf fall was about 150 percent greater in the

treatment stream than in the control stream.

The salmonids were introduced as embryos immediately after fertili-

zation and were retained for one year. Their numbers and individual

biomasses were measured every three weeks and their behavior was ob-

served weekly for seven months Resident macroinvertebrate taxa, num-

bers, and biomasses were also obtained every three weeks by riffle,
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pool, and drift samples. Macroinvertebrate emergence was sampled twice

a week for one year and aufwuchs production and respiration were meas-

ured seasonally.

Lower production, biomass, and survival of the treatment salmonids

resulted from the higher maintenance requirements of treatment fish

coupled with lower biomasses of salmonid prey, especially during the

late summer. Cumulative production of the control steelhead was 30

percent greater than that of the treatment fish when coho were absent

and 13 percent greater with coho present. Control coho had 100 percent

more cumulative production than the treatment coho. Final biomasses of

the treatment steelhead were 80 percent of the control steelhead bio-

masses when coho were absent and 50 percent of the control steelhead

biomasses when coho were present. The final biomass of the treatment

coho was 30 percent of that of the control coho. The numbers of treat-

ment steelhead were 18 percent fewer than the control steelhead when

coho were absent and 65 percent fewer than the control steelhead when

coho were present. Treatment coho were 69 percent fewer than control

coho.

Steelhead production, final biomass, and survival averaged respec-

tively 50, 31, and 28 percent less when coho were present than when coho

were absent, presumably because the coho dominated most of the pool

space and consumed many of the drifting invertebrates that otherwise

would have been available to the steelhead. Salmonid habitat segrega-

tion, as determined by a canonical analysis of discriminance, was re-

duced in the treatment stream by a shift from a midwater position to-

wards a benthic position by the coho. This probably resulted in closer

competition for prey and space between the two treatment species than

between the control coho and steelhead.

The highly variable biomasses of the salmonid's prey, chiefly

chironomids, ephemeropterans, and ostracods, generally were half as

great in the treatment stream as in the control stream. Invertebrate

drift was similar and insect emergence was greater in the treatment

stream compared to the control stream. These differences are believed

to have resulted from direct temperature effects on metabolic rates and

life histories of invertebrates, and indirectly from greater biomasses

of an aquatic moss and lower biomasses of an aquatic snail in the con-



trol stream than in the treatment stream The snails comprised most of

the macroinvertebrate biomass in the riffles and pools of both streams,

which resulted in higher total macroinvertebrate biomass in the treat-

ment stream than in the control stream. Macroinvertebrate diversity and

the biomass of macroinvertebrates other than the snail were higher in

the control riffles than in the treatment riffles
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TEMPERATURE, INTERSPECIFIC COMPETITION, AND THE PRODUCTION OF

JUVENiLE SALMONIDS IN EXPERIMENTAL STREAM COMMUNITIES

INTRODUCTION

Although many of the earths inland waters may be slowly warming as

a result of vegetation removal, irrigation, warm water discharges from

power plants, and municipal and industrial effluents (Wagner, 1971), the

effects of temperature elevation on the behavior and production of

aquatic organisms remainpoorly understood. Extensive research has been

done on the impacts of temperature increases on fish, as indicated by

the 651 page bibliography of Raney, Menzel, and Weller (1974) and a

research review of thermal effects by Coutant and Pfuderer (1974).

Temperature elevation has both direct and indirect effects on fish. The

direct effects include changes in the behavior, metabolism, growth,

survival, and reproduction. Indirect effects relate to changes in

community structure, that is, in a populatio&s prey, competitors,

predators, parasites, and diseases.

Experimental streams were used to investigate these direct and

indirect effects of moderate temperature elevation on juvenile steelhead

trout in the presence and absence of coho salmon. The objective of this

research was not to prove the effects of temperature elevation or compe-

tition on aquatic organisms. Instead it was hoped that this research

would provide increased understanding of the general processes by which

temperature elevation and interspecific competition might affect the

productivity of natural streams for populations of interest.

Surveys examining the effects of thermal elevation on natural

aquatic communities provide inconclusive evidence of changes in commun-

ity structure or species abundance. For example, Patrick, Cairns, and

Roback (1967) and Cairns and Kaesler (1971) found insignificant temporal

and spatial changes in river biota as a result of power plant eff1uerts.

Conversely, Richards (1976) and Spence and Hynes (1971) felt that deveg-
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etation and river impOundments, respectively, altered temperatures

enough to eliminate some riverine fish species. Smith (1972) associated

change in Great Lakes fish species with similar alterations in Great

Lakes tributaries. Studies of the effects of temperature changes on

macroinvertebrates in natural streams have shown marked alterations of

the fauna (Tarzwell, 1939; Armitage, 1961; Coutant, 1962). But in each

case the changes were also associated with flow interruption, increased

pH, or large temperature changes of 12 to 18°C. Evidently, temperature

elevation creates different effects in different streams and temporal

and spatial variability make subtle perturbations of natural aquatic

communities difficult to recognize.

The effects of increased temperature at the organism level are more

clearly established. In poilkilothermic organisms, temperature eleva-

tion tends to increase metabolic rates until near-lethal temperatures

are reached (Prosser, 1973). Brett, Shelbourn, and Shoop (1969) and

Brett (1971) found that the maximum growth of young sockeye salmon was

at 15°C when the fish were fed to repletion, but when fed rations slightly

above the maintenance level maximum growth occurred at 5°C. They sug-

gested that, for fish on limited rations, reduced temperatures decreased

maintenance costs and thus allowed for increased growth. Similarly,

Elliott (1975) found that the maximum growth of brown trout on a near

maintenance ration occurred at a temperature of 4°C, while maximum

growth of trout on maximum rations occurred at 13°C. Elliott also found

that a 50 gram trout on a 250 mg/day ration would not grow at 14. 5°C,

but at 8.5°C it had a growth rate of 0.4 percent per day. The impact of

temperature elevation decreased with the increasing age and size of

sockeye salmon and brown trout (Brett, Shelbourn, and Shoop, 1969;

Elliott, 1975).

Averett (1969). and Everson (1973), using juvenile coho salmon, and

Wurtsbaugh and Davis (1977), using juvenile steelhead trout, found that

growth rates were lowered at aquaria temperatures slightly higher than

controls at ration levels approximating those found seasonally in na-

ture. Standard metabolism increased with increased temperature during

all seasons and frequently most of the food consumed went into standard

metabolism. Growth efficiencies and rates varied seasonally and with

size, age, and available food. At consumption rates believed to be near
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those of wild fish, coho growth in aquaria was greatest at 5-8°C in

early spring, 8-14°C in early summer, 14-17°C in late summer, 8-11°C in

fall, and 5-8°C in late winter (Averett, 1969). Temperatures lower than

these decreased food consumption, while higher temperatures increased

standard metabolism. At ration sizes near those supposed to occur in

nature, Wurtsbaugh and Davis (1977) found steelhead growth to be most

efficient at 9°C in spring, 16°C in summer, 10°C in fall, and 7°C in

winter. Limited food in conjunction with the increased maintenance

requirements caused by elevated temperatures can reduce fish growth

(Warren and Davis, 1967). Growth is vitally important to the survival

of a population, since individuals must grow before reproducing. Stand-

ards for thermal discharges that are based only on the survival of

animals or on the growth of animals fed to repletion thus may prove

inadequate for the long-term protection of fish populations.

To evaluate the direct and indirect effects of 3-5°C temperature

increases on juvenile salmonids, Iverson (1972) and Bisson and Davis

(1976) conducted year-long experiments with salmonids in experimental

streams. Iverson found coho production was much lower in the heated

stream than in the control stream. He attributed this to reduced densi-

ties of the prey in the heated stream. Bisson and Davis observed reduc-

tions in chinook salmon production and benthic invertebrate biomasses in

the treatment system, and high temperatures usually reduced prey abun-

dance and salmonid growth rates. Other effects of increased temperature

included higher invertebrate drift rates, lower incidence of parasitism

(Bisson and Davis, 1976), and slightly higher growth rates when food was

abundant in winter and early spring (Iverson, 1972).

The research herein reported was conducted in the outdoor model

stream ecosystems used earlier by Iverson and Bisson and Davis. The

effects of temperature elevation on community structure and on steelhead

behavior, production, biomass, growth, and survival were studied for one

year with coho absent and for one year with coho present. The research

was conducted at the Oak Creek Laboratory of Biology, Oregon State

University, near Corvallis, Oregon, from January 1975through January

1977.

These experimental streams bore little resemblance to large, open

rivers that receive heated effluents from factories, power plants, and
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municipalities. They more closely modeled small, partially shaded, cold

water streams. However, unlike such streams, the water was recircu-

lated, flow rates were generally constant, export was restricted, runoff

and seepage were eliminated, there were no large obstructions producing

cover or changes in flow patterns, and no piscivores were present. Such

differences probably influence the effects of heating and interspecific

competition on salmonid production. However, the intent of this experi-

ment was not to determine the absolute effects of elevated temperatures

and competitor introduction on a resident salmonid population. Instead,

learning how production was changed was considered more important than

measuring how much production changed, since the former would be more

likely to provide general explanations that would be useful for antici-

pating production changes in nature.

Steelhead trout and coho salmon are commonly sympatric in headwater

streams in the Pacific Northwest. Their behavioral ecology has been

studied by Hartman (1965), Fraser (1969), Allee (1974), and Bustard and

Narver (1975). These investigators usually found steelhead near the

bottom and in riffles, where they were more aggressive than coho. The

coho were generally farther from the bottom and in pools, where they

were more aggressive than steelhead. Coho aggression was generally more

intensely demonstrated than steelhead aggression. Aggression of both

species was higher in summer than in winter, when steelhead were found

among the pool rubble.

Coho typically spend only one year in fresh water before becoming

smolts and migrating to the sea. Steelhead generally require two years

of fresh water life before growing to smolt size. Steelhead feed on

benthic as well as drifting invertebrates, but coho are predominately

drift feeders. Juveniles of both species inhabit small, cold water

streams, but landlocked races of rainbow trout may prosper in warm,

eutrophic lakes (Soidwedel and Pile, 1968; Scott and Crossman, 1973).

The ultimate upper incipient lethal temperature for steelbead and coho

is 25-26°C (Bidgood and Berst, 1969; Brett, 1952). Since both species

are territorial, respond to similar releasing stimuli, and have similar

display patterns, they defend territories interspecifically as well as

intraspecifically. By definition, if competition occurs between coho

and steelhead, the competitor should reduce the availability of some
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limited resource, thereby reducing the productivity of the stream for

the product of interest. Cofio salmon and steelhead trout are closely

related species with similar macrohabitats and food requirements. These

characteristics make them good subjects for study of the impact of

thermal elevation on the production of co-existing fish populations.

It is important to distinguish between production and productivity

as used above. Ivlev (1966) considered production as the rate of elab-

oration of tissue by a population, regardless of the tissue's fate. But

during the period over which production is estimated, weight loss by

negative growth and production must be summed algebraically. This is

because weight lost and later regained does not result in increased

biomass, production, or potential yield of a population (Chapman, 1967).

Consequently, temporary decreases in the cumulative production of the

population may result. Productivity was defined by IvIev as a system's

capacity or potential for producing a population of interest, whatever

the prevailing level of production. This distinction is not generally

made by ecologists, and the result is considerable confusion in termi-

nology and in ecological thinking and explanation.

To avoid the confusion, perhaps potential, or capacity, to produce

should be used instead of productivity. Warren and Liss (1977) have

described the capacity of an organismic system as all possible perform-

ances in all possible environments Capacity is a theoretical concept

that can be represented only partially with data because all possible

population responses under all possible conditions cannot be determined.

Production can be calculated as growth rate times' biomass. Since growth

rate declines with increasing bjomass in food-limited systems, the

highest production rates will be at intermediate biomasses and growth

rates, and the lowest production rates will occur at high and low bio-

masses. Such hump-shaped production-biomass curves may provide, useful

empirical and theoretical representations of a system's capacity to

produce a population Knowledge of the capacity of a system is ulti-

mately more useful for managers who frequently must differentiate be-

tween present and potential production of recreationally and econom-

ically valuable resources. Evaluation of capacities may allow compari

Sons of systems that would otherwise be difficult to understand because
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of their temporal and spatial variability. Relating production rate to

biomass may make this evaluation possible.

Ivlev related production and productivity to the material and

energy transfers in food webs leading to a product of interest. He

believed this approach would yield far greater understanding of ecosys-

tems than would the gross trophic level investigations stimulated by

Lindeman's 1942 paper. Ivlev held that such approaches ignore too many

of the differences between populations. The product of interest ap-

proach allows ecologists to evaluate the many possible outcomes of key

populations in ecosystems with different productivities without having

to lump the biota into a limited number of trophic levels or functional

groups.



MATERIALS AND METHODS

EXPERIMENTAL STREAMS

The two experimental streams (Figure 1) used in this investigation

had been in continual operation since October 1969, which allowed the

establishment of a diverse diatom and invertebrate community. Each

stream consisted of two parallel wooden channels elevated above the

ground and connected by large irrigation pipes at either end. Each

channel was 10 m long, 1.3 m wide, and 0.8 m deep, had an inner wall of

plexiglass, and contained two equal-sized riffle-pool sections. Bottom

composition in the riffles was primarily cobbles and gravel with fine

sediments in the gravel. Pool substrate was mostly gravel with consid-

erable accumulation of fine sediments and coarse organic material.

Water depths ranged from 1 mm to 20 cm in the riffles and from 70 to 75

cm in the pools. The streams were mostly shaded by red and white alder

(Alnus rubra and Alnus rhombifolia) and were open to precipitation and

litter fall. The slopes of the channels allowed current velocities of

50-60 cm/s over the riffles, while velocities near the pool bottoms

approached zero. Water was recirculated by a centrifugal pump from the

downstream end of one channel to the upstream end of the other. A

screen prevented large particles and fish from entering the pump and an

effluent pipe provided an outlet for detritus and emigrating fish.

Unfiltered stream water containing aquatic organisms was added at the

rate of 30 1/mm to each stream, which resulted in a turnover time of

2.4 days for the total stream volume.

Midsummer insolation in the control stream was 75 percent of that

in the treatment stream, but little difference existed during most of

the year. Although it originated from the same tributary, the water in

the control stream was more turbid and contained more total organic

carbon than the treatment stream (Table 1). With the exception of

suspended and dissolved solids, the water quality values were within the
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Table 1. Water quality in the experimental streams.1

Parameter Treatment Control

9

pH 7.61 7.55
Turbidity, J.T.U. 3.3 7.4

Total Solids 162 mg/i 168 mg/i

Total Dissolved Solids 158 156

Alkalinity, as CaCO3
Carbonate 0.0 0.0

Bicarbonate 110 110

Hardness, total as CaCO3 99.2 101

Magnesium (Mg) 9O8 9.42
Silica (Si02)

Total 42.2 48.4
Dissolved 40.8 44.2

Total Organic Carbon (T.0.C.) 1 3

Nitrogen Forms as N:
Ammonia 0.028 0.023

Total Kjeldahl 1.51 1.12

Nitrite <0.002 <0.002
Nitrate 0.114 0.101

Phosphates as PO4
Ortho 0.06 0.06
Total 0.06 0.23

1 Analyses were done on samples taken August 5, 1976, by CH2M Hill:
Engineers, Planners, Economists & Scientists Corvallis, Oregon
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range of values for the tributary water from 1959 to 1967 as reported by

Bisson (1975). No significant differences in bacteria counts were found

between the two streams. Water temperatures were allowed to fluctuate

dielly and seasonally. The treatment stream was heated 3-4°C above the

control (Figure 2) by two 6 KW Chromalux immersion heaters. This was

within the range of temperature elevations typical near heated dis-

charges. Turbulence prevented unequal. heating and abnormal gas concen-

trations.

FISH

The eggs and sperm of steelhead trout (Salmo gairdneri) were ob-

tained from the Alsea hatchery dUring February 1975 and 1976. Coho

salmon (Oncorhynchus kisutch) eggs and sperm were provided by the Fall

Creek hatchery in November 1975. Both hatcheries are in the Alsea River

drainage of Western Oregon. Gametes were obtained from three fish of

each sex. The gametes were immediately brought to the Oak Creek Labora-

tory where the eggs were fertilized, and 500 embryos of each species

were placed into the streams. In 1975, steeJhead were incubated in

gravel-filled boxes placed in the riffles to simulate natural redds.

Because of the low number of emergents in 1975, presumably as a result

of high sediment levels, in 1976 the coho and steelhead embryos were

incubated in floating, gravel-filled boxes. High mortality of the

steelhead emergents required additional stocking with fry from the Alsea

hatchery to insure adequate numbers for study. The percent survival to

emergence values were within the ranges of those found in studies in

laboratories and in natural streams (Shirazi and Seim, MS).

The fish were censused every three weeks by seining each riffle

pool section until no fish were captured in three consecutive attempts.

After the fish had been anesthesized with MS 222 (tricaine methanesul-

fonate), their individual lengths and weights were taken. Stomach

contents were removed by flushing with a water-filled hypodermic syringe

(Meehan and Miller, 1978). Usually 20 percent of the individuals of

each species in a section were sampled, but the stomach contents of all

fish were examined when fewer than five individuals of a species were

caught in a riffle-pool section. The fish were then returned to the
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same pools from which they were seined, where they appeared to resume

their feeding positions within an hour. The food organisms were placed

in ethanol and were later identified and counted. The samples were

dried for two days at 65°C, cooled in a desiccator for one day, and then

weighed to the nearest 0.0001 g.

Average relative growth rates of the fish were calculated as:

w2-wi
G

0.5 (W2 + W1)(t2 t1)

where W1 and W2 are the mean weights of the fish at the beginning and

end of the sampling interval and t2 t1 is the interval in days.

Production during each 21-day interval was estimated as the product of

the average relative growth rate and the mean biomass during the inter-

val. Cumulative production was obtained by summing algebraically the

values for production of new tissue and negative production that oc-

curred when individuals lost weight and mean biomass declined.

Ivlev's (1961) electivity index, E (r p)/(r + p), was used to

rate the prey taxa from -1 to +1 based upon their relative abundance in

the ration, r, and their relative abundance in the environment, p.

Electivity is a function of numerous characteristics of the predators,

such as degree of satiation, predator density, and experience. It is

also a function of such prey characteristics as absolute density, rela-

tive density, degree of aggregation, cover, behavior, and palatability

(Ivlev, 1961). Electivity was used in this research only as an indi-

cator of dietary importance to help discriminate among an array of

benthic organisms. It is possible that differential digestibility of

hard-to-digest snails and easily digestible oligochaetes resulted in

errors in their electivity ratings.

From May 1976 until mid-December 1976, the behavior of all visible

fish was observed at ten day intervals. Both streams were observed

during the same period of the day, with several observation periods

occurring during each daylight hour. All the fish in one-meter-long

sections were simultaneously viewed for five minutes. Each fish's

vertical and horizontal position, number of feeding attempts, and direc-

tion and intensity of aggression were recorded.
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The behavioral data were divided into four groups: treatment

steelhead, treatment coho, control steelhead, and control coho. Multi

variate analysis of variance was used to examine seven behavioral vari-

ables: pool position, riffle position, benthic position, midwater

position, number of feeding attempts, steelhead-directed aggression, and

coho-directed aggression. By comparing the variance of all four groups,

this analysis tested the null hypothesis that the centroid vectors of

the four groups of fish were equal.

Since the multivariate analysis of variance revealed significant

differences between groups, it was followed by a canonical analysis of

discriminance. Canonical analysis of discriminance is a technique that

selects canonical axes that maximize the among-group differences within

a multidimensional data cluster. That is, orthogonal axes are selected

that best discriminate differences among the groups. The two canonical

variables which account for most of the among-group dispersion can then

be plotted on a two dimensional figure. Correlations were calculated to

provide comparisons between the canonical variables and the original

behavioral variables. Mathematical explanations and computer programs

for these techniques are available in Cooley and Lohnes (1971).

MACROINVERTEBRATES

Riffle, pool, and drifting macroinvertebrates were sampled tn-

weekly. Each riffle was sampled with a wire basket that had been filled

with substrate and left in place for three months. The four riffle

samples from each stream covered a total surface area of 0.16 m2, which

was approximately one percent of the total riffle area of the stream.

Pools were sampled by enclosing an area of substrate with a pipe that

had an internal diameter of 15 cm and then a rubber hose with an in-

ternal diameter of 2 cm was used to siphon. Two samples were taken from

each stream. Combined these amounted to approximately three percent of

the pool bottom area. Drifting invertebrates were collected in nets

with a rectangular opening and a mesh size of 333 pm (Anderson, 1967).

All samples were sorted while the organisms were alive and thus most

easily seen. Emerging insects were sampled twice weekly for one year

with emergence traps (Kerst and Anderson, 1974) having a bottom area of
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0.7 rn2. The traps were placed over different sections of the riffles

each week.

The Shannon information measure of diversity (H') and a redundancy

index (R') were estimated for the macroinvertebrate benthic samples H'

was estimated by:

S

H'' = "i loge .1

i=l N N

where s equals the number of taxa in thesample, n. is the number of

individuals of a taxon, and N is the total number of individuals in the

sample. H' is a species composition parameter which is based on the

uncertainty with which the taxon of the next individual encountered can

be predicted. H'' tends to underestimate H' (Pielou, 1966) but this

bias is small for large sample sizes and the inclusion of rare species

results in little change in the value of H'' (Willim and Dorris, 1968;

Peet, 1974). H'' incorporates the taxonomic evenness and richness

components of diversity while redundancy involves only the evenness

component. H'' is increased by increased richness or by decreased

redundancy. Redundancy, or unevenness, was calculated as:

R' = (H'' H'' V(H'' H'' )max obs' max mm

where H' 'max and H' 'mm are the maximum and minimum values of H'' given

s and H''ObS is the observed value of H''. in a sample, R' varies from

zero, when all taxa are equally represented, to one when all taxa but

one are comprised of one individual.

AUTOCHTHONOUS AND ALLOCHTHONOUS MATERIALS

Litter inputs were estimated by collection from effluent traps and

from the pump screens. Ash free dry weights were obtained for the

allochthonous and autochthonous material collected during benthic sam-

pling. Seasonal estimates of the production and respiration of aufwuchs

were obtained by means of two, sealed plexiglass, 13-liter chambers

containing trays of rocks and stream water (Bott et al., 1978). The

chambers were submerged atop the riffles and constant water circulation

in the chambers was provided by Teel electric bilge pumps Dissolved
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oxygen was monitored with Y.S.I. Model 54 oxygen meters and continuously

recorded on an Elnik Model BSC 6-1 recorder. Light was measured with

either a hand-held Weston Model 756 illumination meter or a LiCor Model

LI-185 quantum radiometer/photometer that was connected to the recorder.

Data were obtained by simultaneously running one chamber in each stream

for two 24-hour periods. The chambers were flushed every three to four

hours to avoid gas supersaturation and nutrient depletion.

Community respiration and net community production were estimated,

because aufwuchs assemblages cannot be physically partitioned into

separate photosynthetic and heterotrophic components. Thus, production-

respiration estimates of the aufwuchs simultaneously involved plants,

invertebrates, and decomposers. Community respiration was estimated

during the night by monitoring the dissolved oxygen concentration within

the chambers. It was assumed that day and night hourly respiration

occurred at nearly equal rates. This was likely to be most nearly true

during the winter and early spring tests, because there was little

difference between day and night temperatures and diurnal cloud cover

was heavy. During the summer, the high light levels and considerable

diel temperature differentials presumably resulted in lower nocturnal

respiration rates than diurnal respiration rates in both streams.

However, underestimating absolute daylight respiration rates was consid-

ered inconsequential, because production and respiration in the two

streams were simply being compared. That is, the relative differences

between streams were considered more important than actual production-

respiration levels.

Net community production (NCP), or the net amount of solar energy

converted to chemical energy by the periphyton, was estimated from the

increase in dissolved oxygen in the chamber during the day. The in-

crease in the amount of dissolved oxygen (NCP) is assumed to be equal to

the difference between the total amount of oxygen released (GPP) and the

amount respired diurnally by both the plants and the heterotrophs (CRday)

i.e., NCP = GPP CRday The total amount of oxygen released, or the

total rate of organic matter fixed from solar energy, is the gross

primary production (GPP). Transposing the above equation gives GPP

NCP + CRday Thus, gross primary production can be calculated easily,

whereas net primary production (NPP) cannot be measured or estimated
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because of the difficultyof separating plant and heterotrophic respira-

tion.

Woodland stream communities include communities of heterotrophic

microbes, especially aquatic hyphomycetes and bacteria. The relative

importance of these microbes can be ascertained from comparisons of net

daily metabolism (NDM). This parameter is the difference between GPP

and 24-hour community respiration (CR24). NDM thus allows estimates of

the relative rates of decomposition of the aufwuchs community. Another

indicator of autotrophy relative to heterotrophy is the production-

respiration ratio (P/R), which is the ratio of GPP to CR24. A P/R ratio

greater than one or less than one indicates whether a system is respec-

tively autotrophic or heterotrophic during that particular period. If

consistently autotrophic, a stream is producing more biomass than it is

reducing and thus biomass will accumulate or be exported downstream.

The production efficiency (PE) is the ratio of GPP to total solar in-

puts, this allows comparisons of how efficiently periphyton communities

convert solar energy to chemical energy
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RESULTS AND INTERPRETATIONS

CUMULATIVE SALMONID PRODUCTION

The total cumulative fish production (Figure 3) in both streams was

greater in 1976, when both species were present, than in 1975 when only

steelhead were present. During both phases of the experiment the cumu-

lative production of fish in the control stream was greater than that n

the heated stream. When the steelhead were the only fish present in the

streams, the cumulative production of the control fish was 30 percent

greater than the cumulative production of the treatment fish. But when

both steelhead and coho were present, cumulative production of control

steelhead was only 13 percent greater than that of the treatment steel-

head, while the control coho had 100 percent more cumulative production

than the treatment coho. Evidently, steelhead production was affected

less by temperature elevation than was coho production.

Temperature elevation may result in either increased or decreased

production, according to the season. In 1975 and 1976, production was

greatest for both steelhead populations during June and July. In 1975,

steelhead production never reached an asymptote, but in 1976, production

of the treatment and control steelhead leveled off in August and Sep-

tember, respectively. In 1975 and 1976, production of control steelhead

was negative during November and December. Production of treatment

steelhead was negative in September, 1975 and in January, 1977. Produc-

tion of control coho was greatest during April and May, 1976, but the

production peaks of the treatment coho did not occur until June. Pro-

duction of control coho did not level off until October but production

of treatment coho began to level off in August. Negative production

occurred from November until January with the control coho, and in

September, October, and December with the treatment coho. Clearly,

winter production of both species of treatment salmonids decreased less

than winter production of the control fish This suggests that moderate
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thermal additions in winter may occasionally result in increased fish

production at prey densities similar to those occurring in nature. But

the annual cumulative production of treatment fish was less than the

annual cumulative production of the control salmonids, which suggests

that even a moderate,year-long increase in temperature can lower annual

production of cold water fish.

The addition of a competitor would be expected to lower the produc-

tion of a product of interest, in this case steelhead. The cumulative

production curves of steelhead for 1975 and 1976 reveal that cumulative

production of steelhead was lower and reached an asymptote sooner when

coho were present than when they were absent.

Because production was calculated as the product of biomass and

average relative growth rate, these two parameters will be discussed in

the following sections in an attempt to explain the observed trends in

cumulative, production.

SALMONID BIOMASSES, SURVIVAL, MEAN WEIGHTS,
AND AVERAGE RELATIVE GROWTH RATES

During both years, salmonid biomasses peaked in late summer or

early autumn and declined with the coming of winter (Figure 4). Control

steelhead biomasses were not greater than treatment steelhead biomasses

until late summer. Control coho biomasses remained well above the

treatment coho biomasses throughout the experiment. In 1975 and in

1976, the control salmonids added biomass well into the autumn, whereas

the populations in the treatment stream ceased biomass accumulation two

to three months earlier. During both years the final steelhead bio-

masses were one gram less in the treatment stream than in the control

stream.

The addition of coho had a considerable effect on final steelhead

biomass and on the ratio of biomass to production. When coho were

absent (1975) the final biomass of treatment steelhead was 80 percent of

the final biomass of the control steelhead. But when coho were present

(1976) the final biomass of treatment steelhead was only 50 percent of

the final biomass of the control steelhead In 1975, without coho,

final steelhead biomasses were 75 and 80 percent of cumulative produc
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tion in the control and treatment streams, respectively. In 1976, when

coho were present, final blomasses were 61 and 33 percent of cumulative

production in the control and treatment streams. When both coho and

steelhead were present in the control stream in 1976, their combined

final biomass was 25 percent greater than when steelhead were present

alone in 1975. But the combined final biomass of coho and steelhead in

the treatment stream in 1976 was 50 percent less than when only steel-

head were present in 1975. Thus, the addition of coho was associated

with much greater reductions of final steelhead biomasses and production

and final combined biomasses of coho and steelhead in the treatment

stream than in the control system.

In order to explain the differences in biomass shown in Figure 4,

it is useful to examine changes in the components of biomass, i.e., the

number of fish surviving during a time interval and their mean weight.

All six populations began with 500 embryos. In 1976, survival to emer-

gence was greater for the control salmonids than for the treatment

salmonids (Figure 5). However, in 1975, control steelhead emergence was

less than treatment steelhead emergence. The low survival to emergence

of both control and treatment steelhead in 1975 probably resulted from

the high sediment levels in the incubation boxes. The floating incuba-

tion boxes used the second year retained much less sediment and emer-

gence rates were considerably higher than in 1975. Because of high

mortality rates, additional steelhead fry were stocked both years, but

the numbers again decreased rapidly. By the end of the experiments,

there were nearly the same numbers of juvenile steelhead as before

stocking. Also, many more coho emerged than the streams could support.

Differences in the number of survivors between streams and species

were similar to the differences described for cumulative production and

biomass. Both species of control fish outnumbered their treatment

counterparts from summer until the end of the experiments. The coho

outnumbered the steelhead during all of 1976. At the termination of the

last phase of the study, the control and treatment steelhead had been

reduced by 57 percent and 83 percent of their respective numbers the

previous year.

The declines in steelhead numbers from 1975 to 1976 were not offset

by increases in mean weights (Table 2) The final mean weight of con-
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Table 2. )4ean weights and average- relative growth rates of juvenile salmoflids in the experimental streams.

1975 1976 1976
Steelbead Steelhead Coho

Census Treataient Control Tratient Control Treatment ControlDate
Weight Growth Weight Growth Weight Growth Weight Growth Weight Growth Weight Growth(g) (egjg/day) (g) (eg/glday) (g) (.g/g/day) (g) (mgfglday) (g) (mg/g/day) (9) (mg/g/day)

1/20 0.432
9.92/10 0.53
1.82/20-3/2 0.55 0.442
7.6 9.93/22 0.64 0.60
7.6 8.14/5-25 0.182 0.182 0.74 0.70

18.0 11.5 8.2 13.95/1-16 0.62k 0.49k 0.20 0.20 0.88 0.94
33.9 15.7 7.0 25.85/22-28 0.87 0.61 0.39 0.27 1.02 1.64-3.6 10.5 41.8 12.9 22.7 9.16/11-19 0.81 0.77 0.95 0.35 1.62 1.9724.4 24.3 28.2 42.3 18.5 11.37/2-7 1.30 1.20 1.75 0.91 2.40 2.5011.3 20.3 17.0 22.7 3.4 8.77/23-28 1.65 1.85 2.51 1.48 2.58 3.00

8.1 5.7 0.4 10.0 2.0 4.08/11-15 1.91 2.05 2.53 1.79 2.68 3.24-2.3 5.9 0.7 10.0 0.3 3.89/2-5 1.82 2.32 2.57 2.23 2.70 3.524.6 4.2 -0.2 7.0 -0.3 2.89/24-10/1 2.06 2.59 2.56 2.60 2.68 3.744.4 2.5 5.4 -0.2 1.9 2.610/14-16 2.20 2.69 2.87 2.59 2.79 3.953.3 3.2 4.7 -1.4 -3.1 -1.111/6 2.36 2.88 3.20 2.51 2.60 3.856.5 -0.4 -0.3 3.8 2.6 -0.611/25-30 2.67 2.86 3.18 2.73 2.77 3.80-0.2 -0.4 0.3 -6.6 -0.4 -3.312/18-19 2.66 2.83 3.20 2.39 2.75 3.56
3.8 4.3 9.8 0.4 1.4 -0.81/8-10 2.90 3.11 3.93 2.41 2.83 3.50

17.8 4.7 -3.7 3.4 5,3 0.31/22-29 3,17 3.29 3.66 2.59 3.13 3.52

'Seined following 1-2 weeks of free swiing after emergence.
2 Upon emergence in closed incubation boxes.

N)
(a.)
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trol steelhead was less in 1976 than in 1975. Although the final mean

weight of the treatment steelhead in 1976 was the greatest of all six

groups of salmonids, their final biomass was the lowest, since only six

large steelhead survived. With the addition of coho, the mean weights

of control steelhead decreased by 21 percent wh1e the mean weights of

treatment steelhead increased by 34 percent. Thus, the reduction of

steelhead biomass in the presence of coho was largely a result of de-

creased numbers rather than of decreased size.

Similarly, reductions in numbers rather than in average weights

account for most of the reductions in biomass of the treatment fish in

comparison with the controls. Final mean weights of treatment steelhead

in 1975, and of treatment coho in 1976, were respectively 4 and 11

percent less than the control fish. But the numbers of treatment steel-

head and coho were 18 and 69 percent less than the respective control

steelhead and coho In addition, although the treatment steelhead in

1976 had final mean weights that were 42 percent greater than the con-

trol steelhead of that year, the number of treatment steelhead was 65

per cent less than the control fish. Evidently, major differences in

survival or emigration accounted for most of the differences between the

biomasses of the treatment and control salmonids.

This is not to say that differences in mean weights were unimpor-

tant. The mean weights of the treatment and control coho fry were over

three times greater than the steelhead mean weights when the steelhead

emerged. Such a size difference has important effects on the outcome of

interspecific competition since salmonid dominance is highly correlated

with size.

Considerable insight into the cumulative production differences of

the juvenile salmonids can be attained by examining their average rela-

tive growth rates. The salmonids in these experiments had relatively

low biomasses and high growth rates in the spring and early summer.

This was when the fish were small, food was relatively abundant, and

temperatures were nearly optimal for growth. After July, increased fish

biomasses, decreased prey, and increased temperature were generally

accompanied by decreased average relative growth rates. With the onset

of winter, there was a marked shift towards lower growth rates and lower

biomasses and occasional periods of negative production During winter
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the growth of treatment fish was sometimes higher than that of the

controls, which indicates the possibility of positive effects of temper-

ature increments on growth when temperatures are low and food levels

adequate. In 1976, steelhead growth rates were frequently as great as

or greater than the growth rates of the coho in the same stream. During

the critical months of August and September 1976, growth rates of both

species were lower in the treatment stream than in the control stream

SALMONID BEHAVIORAL INTERACTIONS

It has been intimated in preceding sections that competition be-

tween the treatment trout and salmon may have been more intense than

between the control fish. A multivariate analysis of variance of all

behaviors indicated that each coho population was significantly differ-

ent from the other and from both populations of steelhead (Table 3).

However, the behaviors of the control and treatment steelhead were not

significantly different, suggesting that temperature elevation had

little direct or indirect Lffect on the observed steelhead behaviors.

Table 3. Multivariate analysis of variance of salmonid behavior"2.

Treatment Treatment Control
Coho Steelhead Coho

Treatment Steelhead 12.29

Control Coho 7.24 34.85

Control Steelhead 12.53 1.41 32.68

' F Matrix d. f., 7,86.

2 Overall F, 10.33; d. f., 21, 248.

Following the multivariate analysis of variance, a canonical analy-

sis of discriminance was employed to determine which behavioral param-

eters were most responsible for the variance. The canonical analysis of

discriminance revealed that 99 percent of the variation among the four

populations could be accounted for by the first two canonical variables

Canonical variables are vectors along the major axes of dispersion in a
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multidimensional cluster of points. The centroids are the centers of

the clusters for each population. Consequently, to interpret the canon-

ical variables, it was necessary to examine the correlations between the

canonical variables and the original behavioral variables. The first,

second, and third canonical variables had correlations of .89, .40, and

.21 with midwater position, riffle position, and aggression towards

steelhead, respectively.

A plot of the first two canonical variables (Figure 6) indicates

that there was relatively little difference between the four groups of

fish for canonical variable 2. This variable was most closely associ-

ated with riffle position and all four centroids (indicated by aster-

isks) fell between -0.6 and 0.6. However, considerable discrimination

between groups was evident from canonical variable one, or midwater

position. There was a greater likelihood of a benthic position for

treatment coho compared with control coho as well as for steelbead com-

pared with coho. This is indicated by the spread of the centroids

between -3.0 and 1.5 along canonical variable one and by the small

amount of overlap between the two coho clusters and between the coho and

steelhead clusters. The distance separating the coho centroids is 2.5

times greater than that separating the steelhead centroids. Thus,

multivariate analysis of variance and canonical analysis of discrimi-

nance suggest that temperature elevation may result in much greater

disruption of coho behavior than of steelhead behavior.

The tendency for a benthic position by the treatment coho probably

created greater competition for space and benthic prey between coho and

steelhead in the treatment stream than in the control stream. More

aggression by coho was directed towards the treatment steelhead than

towards the control steelhead. Although aggression seemed less impor-

tant than position from the canonical analysis of discriminance, the two

behaviors are closely interrelated. In both streams, intraspecific and

interspecific aggression were especially intense and frequent at the

high densities of fry immediately following emergence. Both intraspe-

cific and interspecific predation by larger fish upon smaller individ-

uals was observed. After attacks by dominant fish, submissive fry were

frequently observed burrowing into the gravel. This was assumed to be

an escape response. Such individuals often remained buried, died, and
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eventually decayed. In the absence of coho during 1975, the steelhead

fed largely from the bottoms of the riffles and pools, but they fre-

quently fed on the invertebrates drifting in the pools also. When coho

were present, steelhead were rarely observed feeding on drifting inver-

tebrates in the pools. In addition, searching behavior by small steel-

head was more commonly observed during the year coho were present. In

other words, steelhead territories appeared less fixed in the presence

of coho than when coho were absent. This suggests a shift from a sit

and wait towards a searching foraging strategy, at least on the part of

the small steelhead. Thus, the presence of coho was associated with a

reduction in the amount of territory occupied by steelhead, and tempera-

ture elevation was associated with increased interaction between coho

and steelhead. Both factors may have contributed considerably to the

reduced production of treatment steelhead during 1976.

PREY DENSITY AND COMPOSITION

An understanding of the dynamics of the prey of the salmonids helps

to clarify the differences between the salmonid biomasses and growth

rates in the two streams The biomasses of taxa usually having positive

electivity indices are plotted in Figure 7. Individual differences

among the predators were disregarded, although at times some fish con-

sumed specific taxa in considerably different amounts than did other

individuals of either species. The two most important prey taxa were

quite evenly distributed in the benthos and drift and coho and steelhead

fed on nearly the same organisms. Most prey were 3-10 mm long, although

occasionally much larger items were taken.

The chief prey items throughout both years could be represented by

three taxa: the baetid mayflies, mostly Baetis tricaudatus; the chiron-

amid midges, chiefly of the subfamily Orthocladiinae; and an ostracod,

Herpetocypris chevreuxi. Other taxa having positive electivity indices

only occasionally, and therefore not plotted, included: Collembola; the

stoneflies, mostly Nemoura, the mlcrocaddisfly, Hydroptila, Simuliidae,

or black flies; and the planorbid snail, Gyraulus. The taxon that most

consistently had a high, positive electivity index was the Chironomidae
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In general, prey with consistently high or only occasionally posi-

tive electivity indices had greater densities throughout both years in

the control stream than in the treatment stream. The midsummer peaks of

prey biomasses coincided with high growth rates of both control and

treatment salmonids. The prey biomasses immediately following these

peaks were much higher in the control stream than in the treatment

stream. This higher prey density, along with cooler water temperatures

and lower maintenance costs, could have resulted in the higher produc-

tion and biomasses of the control salmonids than of the treatment sal-

monids during late summer and early autumn. These factors also may have

allowed the extra one to two months of critical summer growth in the

control fish during 1976. The relatively high prey densities and low

temperatures could have also resulted in greater numbers of fish in the

control stream than in the treatment stream. This may have occurred if

territory size was at least partly a function of food availability, or

if more treatment fish than control fish died of starvation.

Although prey abundance was greater in the control stream than in

the treatment stream, this does not necessarily mean that prey were more

available in the former. Figure 8 reveals that invertebrate drift rates

in the two streams were not consistently different. Since benthic prey

densities were generally lower in the treatment streamthan in the

control, this means that drift rates relative to benthic biomasses were

frequently higher in the treatment streams than in the control. In

addition, invertebrate emergence rates were much higher in the treatment

stream than in the control (Figure 9). The emergence rates in the

treatment stream may have increased the drift rates, thereby increasing

prey availability for the treatment fish above what was suggested by the

benthos alone. Because invertebrate drift and emergence are generally

associated with increased invertebrate activity, and because they were

both elevated in the treatment stream, the treatment benthos may have

also displayed more movement than the control benthos. It is likely

that greater movement would have increased prey detection by fish feeding

or the benthos.

Smaller invertebrates such as the Chironomidae show little diel

periodicity in the drift. Nonetheless, invertebrate drift and emergence

peak after dark for most stream species Although fish were occasion-
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ally observed feeding on. bénthos at night, most individuals of both

salmonid species appeared to be located in areas of little current near

the bottoms of the pools where drift feeding was presumably minimal. It

is, therefore, possible that the elevated emergence and drift rates in

the treatment stream did not increase prey availability to the extent

that might be suggested by their rates. Instead, the increased inverte-

brate drift and emergence may have resulted in greater nocturnal emigra-

tion and loss of potential prey from the treatment stream than from the

control. Additional study of drifting invertebrates relative to the

foraging behavior of salmonids is required before any conclusions can be

drawn concerning the relative prey availability in the control and

treatment streams of this experiment or in general.

COMMUNITY STRUCTURE

Macroi nvertebrates

There were considerable differences between the macroinvertebrate

densities of the control and treatment streams (Figure 10). The bio-

masses of Juga plicifera (Lea 1838), previously Oxytrema silicula (Gould),

were three to four times greater in the riffles of the heated stream

than in those of the control stream. This gastropod comprised over 95

percent of the macroinvertebrate biomasses in the riffles of both streams.

The biomasses of macroinvertebrates other than Juga plicifera were

generally greater in the control riffles than in the treatment riffles.

Juga plicifera also comprised the major portion of the macroinvertebrate

biomasses in the pools (Figure 11), with the greatest densities in the

pools of the treatment stream. Other than for Juga plicifera, there

were no consistent differences in the total invertebrate biomasses

between the pools of the treatment and control streams.

The predaceous insects in the experimental streams usually repre-

sented about a tenth of the fish biomass and slightly less than a tenth

of the biomàsses of macroinvertebrates except Juga (Table 4). But the

ratios of predators to macroinvertebrates other than Juga were only

slightly greater in the treatment stream than in the control stream.

The abundant snail, Juga plicifera, had a major influence on the stream
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Table 4. Bioeasseof macroinvertebrate predators in the riffles and pools of the experimental streams.

Treatment (g/m°) Control (g/m2)

1975 1976 1975 1976

Riffle Pool Riffle Pool Riffle Pool Riffle Pool

Cordulegaster' 0.002

Octogomphus' 0.106 0.014 0.214 0.035

Isogenus' 0.019 0.001 0.004

Isoperlat 0.003 0.013 0.001 0.004 0.008

Rickera' 0.001 0.008 0.003 0.006

Alloperla' 0.003 0.001 0.015

Acroneura' 0.001

Sialis californica' 0.057 1.640 0.134 0.019 0.542 0.361

Sialis rotunda' 0.385 0.254 0.164 0.004 0.222

Dymiscohersies' 0.103

Rhyacophila' 0.001

Polycentropus' 0.006 0.051 0.004 0.005 0.009 0.181 0.002

Tanypodinae' 0.011 0.248 0.005 0.083 0.027 0.159 0.017 0.059

Total 0.202 2.337 0.026 0.701 0.060 1.085 0.129 0.675

Mean Biomass of
Macroinvertebrate

0.906 0.248 0.760 0.309

Mean Biomass of All
Macroinvertebrates 9.69 3.38 9.78 4.15

except

Ratio of Predators to All
Macroinvertebrates .09 .07 .08 .07

except

Mean biosass of the taxon.

2 Mean biomass 0.67 x riffle biomass + 0.33 * pool biomass. Riffles and pools coaprlsed 67 and 33
percent, respectively, of the stream area.
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community. Its abundance was presumably the result of the absence of

freshets and the abundance of food. BecaUse Jga plicifera represented

such a large fraction of the invertebrate biomass and has consumption

rates from 4-30 mg/g/day (Earnest, 1967), it is assumed that it was the

major shredder and grazer of allochthonous and autochthonous materials.

As such it was a temporary sink for energy and materials that otherwise

might have been consumed by invertebrates that in turn could have been

prey for the juvenile salmonids.

Continuously disrupted systems may demonstrate lower diversity and

higher redundancy than undisturbed systems. Moderate temperature eleva-

tion was associated withthose changes in the riffles (Figure 12).

Diversity (H'') was almost always greater in the riffles of the control

stream than in those of the treatment stream. With the exception of one

period in November 1975, there were from two to ten more taxa in the

control stream riffles than in the treatment stream riffles. The rif-

fles of the control stream generally showed lower redundancy (R') than

those of the treatment stream. Figure 12 thus indicates that diversity

was higher in the riffles of the control stream than in those of the

treatment stream because or the control stream's greater taxonomic

richness and its lower redundancy. The differences in diversity between

the pools of the control and treatment streams were neither as great nor

as consistent as those between the riffles of the two streams (Figure

13). Perhaps pool macroinvertebrates were less sensitive to temperature

elevation or had a more patchy distribution than did the riffle inverte-

brates.

No long term divergence in diversity between the two streams is

suggested by Figures 12 and 13. That is to say, two years of continual

heating appears to have been no more disruptive of community structure

than the one year period. But it is also possible that changes in

community structure that may have occurred from 1975 to 1977 were too

subtle to be detected by H'', redundancy, or taxonomic richness.

Autochthonous and Allochthonous Materials

Partial explanations for the differences in invertebrate diversity

and biomasses 'n the streams can be obtained from an examination of the
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amounts of coarse allochthonous detritus and plants in the two systems.

Litter-fall in the treatment stream was usually one and a half to two

times greater than in the control stream (Table 5). Pool detritus

(Figure 14-A) was nearly equal between the two streams and it was gener-

ally many times greater than the allochthonous biomasses found in the

riffles (Figure 14-8). From late autumn until late summer, litter was

more abundant in the control riffles than in the treatment riffles.

Although the patchy distribution of the litter makes conclusions uncer-

tain, the control riffles were apparently retaining a greater proportion

of litter than were the treatment riffles. Most of this litter con-

sisted of alder leaves and catkins that are high quality foods for

woodland stream invertebrates. The greater retention of litter in the

control riffles than in the treatment riffles may have resulted from

lower invertebrate feeding rates, lower microbial decomposition rates,

and more abundant litter-retaining macrophytes in the control riffles

than in the treatment riffles (Figure 15).

Nearly 100 percent of the control macrophytes were represented by

the moss, Hygrohypnum bestii, which covered 90 percent of the control

cobbles and trapped considerable amounts of leaf litter and sediments.

Though grazed upon by very few macroinvertebrates, Hygrohypnum provided

a substrate for many invertebrates, a collection site for food, and

possibly increased invertebrate diversity. The high Hygrohypnum bio-

masses were associated with the lower temperatures and slightly greater

turbidity of the control stream relative to the treatment stream.

The production respiration chambers reveal similar tendencies of

the moss and aufwuchs (Table 6). Under cloudy conditions or when the

water was turbid (3/16 & 17, 8/26, 12/3 & 4) the control stream had

higher gross primary production (GPP), net community production (NCP),

and net daily metabolism (NDM) than did the treatment stream. The

treatment stream exhibited higher community respiration (CR) during all

eight days and exceeded the control stream in GPP, NCP, and NDM on clear

days (6/25 & 26, 8/25) The high community respiration in thetreatment

chambers presumably resulted from the temperature accelerated metabolism

of the organisms in the chambers.

The effect of elevated CR is evident from a comparison of net daily

metabolism, production efficiencies, and production respiration ratios



Table 5. Allochthonous and autochthonous material (g) removed from the traps and screens of the experi-
mental streams. I = treatment, C = control.

Jan Apr Jul Aug Sep Oct Nov Dec

I C T C I C T C T C T C T C T C

All 77 45 373 393 123 93 180 74 415 200 527 217 1095 807 444 321
Aut 5 88 13 76 81 324 22 142 17 140 8 60 4 37 1 122
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Table 6. ProductIon and respiration of aufwuchs in the experimental streama. T treatment, C control.

Light' GPP2 NCPP2 NON2 PE P19

Date T C T C I C I C I C I C T C

3-16 6 6 .77 .83 .39 .57 -.76 -.52 .01 .31 .13 .14 1.01 1.60
3-17 6 6 .77 .89 .34 .64 -86 -.52 -.09 .38 .13 .15 .90 1.71

6-25 193 144 1.80 .93 .95 .56 -1.27 -.53 .53 .41 .01 .01 1.42 1.76
6-26 193 144 1.58 .93 .71 .54 -1.31 -.55 .28 .38 .01 .01 1.21 1.69
8-25 47 43 1.52 .96 1.00 .50 -.91 -.73 .62 .23 .03 .02 1.68 1.31
8-26 43 43 1.12 1.19 .54 .67 -.92 -.77 .19 .42 .03 .03 1.21 1.55
12-3 2 2 .52 .51 .28 .41 -.44 -.27 .08 .24 .26 .26 1.18 1.89
12-4 2 2 .34 .42 .18 .21 -.42 -.28 -.08 .14 .17 .21 .81 1.50

1 Cal/crn2/day

2 g 02/m°/day

GPP = Gross primary production NCP + CR4 total 0. Estimate of rate inorganic carbon is reduced to

organic form plus the organic carbon respired during the photoperiod.

NCP = Net comeunfty production = total O released CR8 Net 02 increase measured in chaers.

Estimate of rate inorganic carbon is reduced to organic minus that respired during the photoperlod.

CR Coimliunity respiration = 0s consumed which is measured at night, + CRday estimated using

night respiration rates. Estimate of rate organic carbon Is oxidized to Inorganic.

NON = Net daily metaboliam = GPP - CR. Estimate of rate inorganic carbon is reduced to organic inus

that oxidized to inofganic over 24 hours.

PE Production efficiency GPPICa1 light.

P/R Production respiration ratio = 01 P/CR.
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between streams. NDM is the net amount of primary production following

respiratory losses of the total community over 24 hours. It was greater

in the treatment stream than in the control stream only on June 25 and

AUgust 25 and was negative in the treatment stream on March 17 and

December 4. Production efficiencies or the ratios of GPP to light input

were highest during cool weather when respiration was low. The P/R

ratio, which is a means of scaling communities relative to autotrophy or

heterotrophy, was greater in the treatment stream than in the control

stream only on August 25. Both streams were autotrophic, generally

having production respiration ratios greater than 1.0.

The elevated respiration and microbial processing rates in the

treatment stream may have caused more rapid conditioning and decompo-

sition of alder than normally occurred. Consequently, allochthonous

material could have been processed more rapidly by invertebrates in the

treatment stream than in the control. This possibly resulted in less

allochthonous food in the treatment riffles than in the control riffles

from winter to early summer (Figure 14). Any such reduced food supplies

coupled with increased maintenance demands could be a partial cause of

the lower prey biomasses in the treatment stream than in the control

stream. It is apparent that elevated temperatures can affect community

structure and processes. The close relationships between respiration,

primary production, and detrital processing may have been disrupted by

altering the synchronization of invertebrate life histories with sea-

sonal food inputs and temperatures. The warmer water was also corre-

lated with a tripling of snail biomass and a quartering of moss biomass.

All of the above effects were associated with the lower prey biomasses,

lower taxonomic richness, and higher redundancy of the treatment system.

CAPACITIES OF THE EXPERIMENTAL STREAMS TO PRODUCE STEELHEAD

It is possible to represent the different capacities of the experi-

mental streams to produce juvenile steelhead by using a series of pro-

duction-biomass curves for different environmental conditions (Figure

16). Salmonid production values conform imperfectly to only six such

curves. This is because production is a function of a continuously

varying stream capacity. Theoretically, the form of a production-
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biomass curve is determined by relative growth rate being a negative

function of biomass, and production being the product of relative growth

rate and biomass. Higher, wider curves represent greater capacities.

The reduced sizes of the production-biomass curves when coho were

present suggest that the capacities of both streams for steelhead pro-

duction were reduced by the addition of coho salmon. The capacity to

produce steelhead also appeared to be lower in the heated stream than in

the control stream, whether coho salmon were absent or present. Temper-

ature elevation occasionally had positive effects but competitive ef-

fects were essentially negative. When coho were absent, the majority of

points fell near the descending limbs of production curves. Such po

tions suggest that the streams were supporting near-maximum steelhead

biomasses at these productivities. However, when coho were present,

several of the points fell near the ascending limbs of the production

curves. This suggests that the coho limited the biomasses of the steel

head, at least during the first three months of their coexistence in the

experimental streams. Presumably, both predation by coho and competi-

tion with coho could have prevented the steelhead emergents from quickly

reaching higher biomasses on the descending limbs of curves B and C.

Several points are located considerable distances from the curves.

A point considerably above or to the right of a curve represents a

period when the capacity to produce was greater than that depicted by

the curve. In the heated stream these periods generally occurred from

early to mid summer when the fish were relatively small, food was most

abundant, and water temperatures were conducive to high feeding rates.

A point below or to the left of a curve represents a time when the capa-

city to produce steelhead was lower than that depicted by the curve.

These occurred at times in winter when water temperatures were espe-

cially low and not conducive to feeding, or in spring when large numbers

of fry were emigrating. These intermediate points signify transitional

periods when productivity levels were slightly different from those

depicted. The overall effect of elevated temperature appeared to be

negative when food wasseverely limiting. When food was unusually abun-

dant or when low temperatures greatly depressed feeding rates, increased

water temperatures temporarily resulted in an increased capacity to

produce steelhead.



DISCUSSION

The experimental streams in which this research was conducted have

been maintained continuously with the same temperature differential

between them for eight years. During this time there has been an appar-

ent reduction in the capacities of the streams to support salmonids and

their ma.jor macroinvertebrate prey (Table 7). Averages of cumulative

production, maximum biomass, and individual final weight of the salmon-

ids declined from Iverson's initial study, through Bisson and Davist

work to the present investigation.

Iverson (1972) reared coho salmon in the experimental streams at an

average temperature difference of 4.3°C. Large coho fry raised during

the winter had similar total production in both streams but were able to

prey upon small fry that h'd also been introduced. The small fry that

were reared for one year had total production in the control stream that

was nearly twice that in the treatment stream. Coho reared from eggs

during one spring and summer had total production in the control stream

that was five times that in the treatment stream. Biomasses and numbers

of salmonids showed patterns similar to production, except that the

numbers of coho in both streams were similar throughout the year-long

experiment. Production of aquatic insects in the control stream was

nearly twice that in the treatment stream. Using the same experimental

streams, during two year-long experiments, Bisson (1975) found that

production of juvenile chinook salmon in the control stream was 100

percent and 30 percent higher than in the treatment stream. The bio-

masses and numbers of chinook showed patterns similar to production.

Biomasses of the prey of the chinook were greater in the control stream

than in the treatment stream. Thus, the effects of moderate temperature

elevation on the production, biomass, and numbers of coho and chinook

salmon were similar to the effects on steelhead trout. During all three

studies, production differences were greatest between streams when



Table 7. Changes in mean production (gIm2), biomass (gIm2), an mean final individual weight (g) of

salmonids and in mean biomasses (gIm2) of major macroinvertebrates from 1969 to 1977.

Iverson Bisson fkighes

(1969-1971) (1972-1973) (1975-1977)

Treatment Control Treatment Control Treatment Control

Cumulative production of salmonids 11.5 29 12.73 20.09 7 11

Maximum biomass of salmonids 7.5 23.5 6.6 11.1 5.5 9

Final individual weight of salmonids 6 5 14 5 4 20 4 74 3 22 3 25

Juga plicifera biomass 6.36 2.80 6.04 4.10 44.58 18.16

Ostracoda biomass
0.36 0.32 0.08 0.15

Ephemeroptera biomass 1.09 3.14 0.09 0.73 0.02 0.05

Plecoptera biomass 0 54 1 87 0 05 0 07 0 01 0 04

Trichoptera bioinass
0.11 0.07 0.37 1.00 0.24 0.41

Chironornidae biomass 0.71 0.85 1.96 2.52 0.12 0.14

0

P.

I
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survival of the newly emergent fry was much higher in the control stream

than in the treatment stream.

The changes in macroinvertebrate community structure and biomass

shown in Table 7 suggest fundamental changes in stream capacity for

these organisms also. The biomasses of Juga plicifera found in this

study were several times greater than those reported by Bisson (1975) or

Iverson (1972). There was also an increase in Trichoptera biomass as a

result of changes from smaller to larger taxa. The biomasses of Ostracoda,

Ephemeroptera, Plecoptera, and Chironomidae were smaller than those

reported by Iverson and Bisson. The lowered densities of invertebrate

prey presumably resulted in decreased food consumption and growth of the

juvenile salmonids. Drift densities of macroinvertebrates were also

slightly less than those reported by Bisson (1975), presumably because

of the lowered biomasses present. Thus, there was a reduction in the

biomasses of most arthropods and increases in limnephilid and snail

biomasses, i.e., a diminution in suitable prey for juvenile salmonids.

This is the assumed cause of the declines in juvenile salmoriid produc-

tion, biornass, and individual weight that occurred from 1969 to 1977.

The long term reductions in the densities of arthropods can be

related to stabilized flows in the streams. Inorganic sediments less

than 65 pm accumulated in the pools at a rate of 0.90 to 1.10 g/m2/day

from June 1978 to March 1979 (Mary J0 Wevers, pers. comm.). The absence

of freshets prevented the resuspension of silt and clay particles,

producing a continually more imbedded substrate and thereby decreasing

the available habitat for typical, large arthropods found in woodland

streams. Arthropods that mine sediments, such as some chironomids, may

have been favored by such conditions. Constant flows also allowed

increased Juga plicifera populations because the snails were not carried

away or crushed by high discharges and bed movement. Juga biomasses

increased sevenfold from 1969 to 1977 and were 1.5 to 2.5 times greater

in the treatment stream than in the control stream. Because the heavy

shelled snails were rarely eaten by the salmonids, their feeding and

biomasses directed energy and materials away from the juvenile fish.

The snails processed large particulate organic matter into fine particu-

late organic matter that could be consumed by collectors (Cummins,

1974). But they also ate the material that could have maintained large
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insect shredders and grazers. This reduced the biomass and number of

large insect prey potentially available to the juvenile salmonids.

These reductions could explain the reduced capacities of both streams to

produce salmonids since 1969. Also the high snail biomasses may have

contributed to the lower productivity of the treatment stream relative

to the control stream for salmonids and salmonid prey.

Regardless of the long term changes in both streams, the control

stream had a greater capacity to produce salmonids than did the treat-

ment stream. With the exception of the spring and early summer, bio-

masses, numbers of fish, and cumulative production of salmonids were

usually all greater in the control stream than in the heated stream.

Thus, at various levels of prey and during most seasons, elevated temp-

eratures reduced the capacities of the streams for steelhead trout, coho

salmon, and chinook salmon.

Further explanations of the lower productivity of the treatment

stream can be based on earlier research at Oak Creek Laboratory. Aver-

ett (1969), Everson (1973), and Wurtsbaugh and Davis (1977) examined the

growth of salmonids that corsumed rations slightly above maintenance

levels. They found that aquarium temperatures 3°C above seasonal am-

bient water temperatures resulted in decreased growth rates, regardless

of the season. The elevated temperatures resulted in increased mainten-

ance requirements although large fish required lower maintenance rations

per gram of fish than did small fish. Wurtsbaugh and Davis found that a

temperature increase of 3°C raised maintenance ration levels by 1 per

cent of the body weight per day. Their studies indicate that, unless

food is very abundant, elevated temperatures result in lower growth

rates because of increased maintenance requirements. Increased prey

densities would have been required to meet the increased maintenance

demands of the treatment salmonids in the treatment stream. However,

seasonal prey densities were generally greater in the control system

than in the treatment system.

The experimental streams resembled natural salmonid streams in

important respects. Average insect biomasses were 1-2 g/m2 in the

riffles, peaked in early summer, and were lowest in late summer. Cumu

lative production of fish ranged from 6.3 to 14 g/m2 per year. Final

biomasses of fish were 2.5 to 7.75 g/m2. Although invertebrate and
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salmonid biomasses are variable, these values are comparable to those

found in salmonid streams as summarized by Hynes (1970) and Chapman

(1967).

Interspecific competition between steelhead trout and coho salmon

resulted in reduced growth rates, biomasses, numbers, and cumulative

production of steelhead. Interspecific competition appeared to have a

greater impact on production of steelhead than did moderate temperature

elevation. The greatly reduced steelhead production in both streams in

1976 compared to 1975 apparently resulted from the addition of coho

rather than from slight changes in the physical environment or macro-

invertebrate densities. It is assumed that food was the limiting re-

source for the competing salmonid species both directly, and indirectly

through territory. Many small fish were emaciated and presumably starved.

During the day, the salmonids fed continuously except for occasional

aggressive acts. Terrestrial insects that fell into the streams or

insects displaced during sampling were immediately ingested by the salm-

onids. Both situations resulted in disruption of normal feeding terri-

tories and produced a scramble type of feeding. Territories were also

limited. The largest, most dominant fish were along the sides of the

streams slightly downstream from the riffles.

Hartman (1965) found that juvenile coho were generally more abund-

ant than juvenile steelhead in the stream that he studied. During the

late fall and winter both species occurred in pools with the steelhead

under rocks and logs and the coho slightly off the bottom. This behav-

ior was not observed in Hartmans artificial streams or in the control

or treatment streams of this experiment, possibly because of the lack of

high winter discharges in both cases. Like Hartman observed, the coho

and steelhead were usually found in pools and riffles, respectively,

when both species were present during the summer. In artificial streams,

Hartman found that coho and steelhead occupied similar habitats when

held separately, with only slight preferences for pools or riffles,

respectively. Such a pattern was not as obvious in this experiment.

Steelhead occupied the total stream habitat in the treatment and control

streams during the year coho were absent. But coho fry rarely occupied

the shallow riffles in either stream during the months before the steel-

head emerged. This was possibly a result of the deeper riffles and
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relatively shallower pools of Hartman's artificial streams compared with

the experimental streams of this study.

Fraser (1969) found that survival and mean weights of juvenile coho

and steelhead in artificial channels were similar. This was not the

case with the steelhead in either of the experimental streams. This

difference possibly resulted from the greater riffle depth and riffle to

pool ratio and the large number of obstructions in Fraser's streams.

These conditions would have been more advantageous to the more rheo-

philic steelhead than to the pool dwelling coho. Allee (1974) observed

age 0 coho and age 0 and 1+ steelhead in natural streams for two sum-

mers. He found that coho biomasses were greater than steelhead bio-

masses both years. As was found in the experimental streams, Allee

usually observed coho towards the tops of poois and steelhead in the

riffles and near the bottoms of pools and riffle-pool slopes. Both

species emigrated downstream with the first major freshet in late autumn.

Allowing only one year of residence may have provided a misleading

estimateof steelhead success, since juveniles of this species normally

spend two years in streams before smolting. Although Allee (1974) found

that coho dominated steelhead regardless of their respective sizes, the

presence of steelhead of earlier year classes might have resulted in

less difference between competing steelhead and coho populations in the

experimental streams. The one year old steelhead would be expected to

competitively dominate and possibly prey on the smaller emergents of

both species. Such a strategy is not uncommon among stream salmonids.

Presumably the smaller individuals that do not smolt their first year

have a size advantage the following year.

The increase in total fish production when both species were pres-

ent was presumably the result of more complete use of the streams'

resources by the two species than by steelhead alone. Since steelhead

typically occupy stream bottoms and riffles and coho typically occupy

midwater areas of pools, individuals of each species are probably most

efficient in the typical species habitat. When both species are pres-

ent, the riffles and pools are more likely to be occupied by the most

efficient individuals. Thus, growth efficiencies, total fish biomass,

and total production occasionally may be increased. But the biomasses,

and cumulative production of each species would be reduced during inter
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decreased food availability.

The degree that temperature elevation and competition affect indi-

viduals depends on several factors, such as the genetic constitution,

environmental history, and life history stage of the individuals, as

well as the biophysical environment in which they exist. The growth

rates and production of the treatment salmonids were occasionally higher

than those of the control salmonids, indicating that temperature eleva-

tion may be beneficial when food is abundant or when temperatures are at

winter minima. An additional species may increase total fish biomass,

as in the control stream, or it may decrease total fish biomass as

occurred in the heated stream. Aho (1976) found that cutthroat trout

production in a stream sectiOn that ran through an eight year old clear-

cut forest was double that in the uncut section, but summer temperatures

were only 0.1-1.0°C higher in the cut section. Presumably, the in-

creased periphyton production resulting from increased insolation in the

cleared section was the basis of this. Likens et al. (1970) reported

th.at clear cutting and herbicide treatment of a northern hardwood forest

on spodosolic soils increased nitrate levels as well as the temperature

of streams. Increasing nutrients as well as insolation and temperature

could heighten primary production and fish production, depending on

previous levels of these factors and the species involved.

Other factors besides food density and temperature affect produc-

tion of salmonids. Hartman (1965) and Chapman (1966) have discussed the

importance of shelter from winter freshets. Hunt (1969) stressed the

importance of shelter from predators as well as the importance of feed-

ing sites formed by tongues of water below riffles and at the tails of

pools. Because of the lack of predators and freshets these spaces may

have been less limiting in the experimental streams than in natural

streams. In consequence, food may have been unusually important in

limiting salmonid production and abundance in this experiment.

Prey densities were generally greater in the control stream than in

the treatment stream, especially during late summer and early autumn.

This period was apparently the most critical for the treatment salmon-

ids, since their numbers declined sharply, biomasses began to decrease,

and production leveled off, while production of the control salmonids
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continued for several weeks longer. In both streams, prey densities and

salmonid production were greatest during the late spring and early

summer. Peak densities of prey appeared to be largely determined by

life history and seasonal phenomena.

Insect emergence was much greater from the heated stream, and

emergence peaks in the treatment stream generally preceded those in the

control stream by one week. These trends may have resulted from accel-

erated metabolism and growth and from temperature minima required for

emergence. Emergence trends were positively associated with changes in

benthic bjomasses. It is uncertain whether the elevated emeraence and

drift rates of macroinvertebrates in the heated stream increased prey

availability. Since macroinvertebrate drift and emergence are greatest

at night, studies of nocturnal foraging by salmonids are required to

remove the uncertainty concerning prey availability. Elliott (1970) and

Allan (1978) suggested that trout ingest relatively fewer large insects

and emergents at night than during the day. Thus, if the fish forage

less or less efficiently at night, it is conceivable that night drift

and emergence, along with night activity, are predator avoidance mechan-

isms of the invertebrates.

The differences in community structure between the control and

treatment riffles and pools offer interesting insights. The treatment

riffles and pools had much greater biomasses of the snail, Juga plicif-

era, than did the control riffles and pools. Other than Juga, macro-

invertebrate biomasses were usually greater in the control riffles than

in the treatment riffles. Except for Jua, biomasses of macroinverte-

brates in the pools of both streams were nearly equal. Temperature

elevation was also associated with lower macroinvertebrate diversity in

the treatment riffles than in the control riffles. Fisher (1958) and

Pianka (1974) have described how specialists with narrow tolerances

would tend to experience greater reductions in fitness following en-

vironmental change than would generalists that have fairly high toler-

ances. Schoener (1969, 1971) suggested that generalists may be favored

over specialists when metabolic rates are high and that larger animals

may be favored during periods of food abundance. Most stream macro-

invertebrates ingest a variety of materials (Hynes, 1970; Shapas and

Hilsenhoff, 1976) but show considerable specialization for microhabitats
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(Ruttner, 1963; Ulfstrand, 1967; Hynes, 1970) and particle size (Merritt

and Cummins, 1978). From both a feeding and habitat standpoint, Juga

plicifera appeared to be the most generalized species identified. It

fed on periphyton, macrophytes, conditioned and unconditioned leaves,

leaf fragments, flowers and fruits, and dead fish. Snails were found in

fast and slow water, on the upper and lower surfaces of rocks, and in

pools, riffles, and splash zones. Diamond (1977) observed similar

behavior in natural populations of Juga plicifera. The mature snails

were also among the largest individual macroinvertebrates in the streams.

Thus, as predicted by the models of Fisher, Schoener, and Pianka, Juga

plicifera was more successful in the treatment riffles than in the

control riffles, while more specialized taxa, such as most of the in-

sects, were more abundant in the control riffles than in the heated

riffles.

Compared to the riffles, the changes in macroinvertebrate diversity

and biomass were less obvious in the pools where the substrate was less

stable, sediment levels were higher, macroinvertebrate feeding mechan-

isms were less specialized, and macrophyte and microphyte production was

lower. This suggests that the more heat tolerant invertebrates may

inhabit pools and soft bottomed streams rather than riffles and rubble

bottomed streams. Some invertebrate species appear tolerant of a fairly

wide range of temperatures in their different life history stages,

provided that the high temperatures are not permanent (Langford, 1971).

However, the reduced number of species in the heated riffles suggests

that several local species were near their upper temperature limits and

either failed to persist or occurred in such low numbers that they were

not sampled. Had these streams been located in a region where coloniza-

tions by warm water macroinvertebrates were possible, the differences in

diversity and biomass between the two streams may have been reduced or

even reversed. That is, the effects of temperature elevation on the

diversity and biomass of aquatic organisms is a function of the regional

climatic regime and the genetic stock present in the stream and in

nearby waters.

Although experimental streams cannot replicate natural streams,

they can model key processes that occur in them (Warren and Davis,

1971). Problems of applicability from one system to another arise when
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comparing two natural streams in different regions or when comparing

streams with considerably different flow characteristics or nutrient and

energy budgets. Not even two sections of the same stream are identical.

Thus, the fact that laboratory streams are not exact duplicates of natu-

ral streams should not be a major obstacle to using them to help under-

stand the natural processes that occur in streams. Temperature is one

of the most important environmental factors regulating the distribution,

abundance, and production of fish or any organism. However, because of

the complexity of biological systems, few changes can be attributed to

single causes. Each case of temperature elevation in a stream is unique,

depending on the type of effluent and the biophysical characteristics of

the stream and its watershed. Nonetheless, an understanding of the

general processes by which temperature elevation and species competition

affect the production capacity Of a system allows us to explain and

predict the changes that may occur in a variety of natural systems under

a variety of conditions.
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Appendix 1. (continued)

25-26 Sept. 1975 16 October 1975 6 November 1975 25 November 1975 19 December 1975
Stlhd Stlhd Stlhd. Stlhd Stlhd Stlhd Stlhd Stlhd Stlhd Stlhd

C T C T C T C 1 C

Annelida
Limnodrilus . (1)0004 (12)--- (7)--- (3)0005 (5)0008 (1).0006 (1).0002 ---.0054 ---.0050

$ollusca
Gastropoda

Gyraulus p. (4)0018 (37).0351 (8).0081 (97).0925 (12).0117 (139).1177 (4).0092 (33).0785 (4).0019 (145).0456
Ph sa . (fl.0023
err esia .

plicifera (5).0025 (3).0017
(1).0044

(10).0060 (31).0169 (1D).0041 (9).0223
(2).0015
(1).0002 (13)0251

Pelecypoda
Pisidk .

Artbropoda
Ostracoda

Herpetocypris chevreuxi(84).0148 (67).0135 (41).0071 (24).0039 (20).0034 (2).0003 (30)0045 (4).0008 (5).0001

Insecta
Colle.bola (1).0001 (1).0002 (3).0004 (8).0007
Epbemeroptera (5).0003 (2).0004 (8).0016 (12).0022 (5).0023 (3).0008 (14)0038 (40).0063 (16).0050 (31).0085

8aeUss. (1).0004
Odonata
Plecoptera

Ne.oura . (1).0004 (2).0002 (2).0001 (1).0001 (4).0004
Megaloptera

Sidle .

TrT2tera (2).0003 (2).0002 (2).0003
Agapetus .

frdropti)a . (9).0032 (1)0003 (.0O40 (2).0007 (11)0035 (1O).0032 (7).0028 (16).0073
Psychomyla . (1).0064
Polycentropus .

Lldnephllidae (2).0273 (3).011I
Lepidostoma .

Coleoptera (1).0006 (1).0O11 (1)0024
Diptera

Ueonia . (2).0004 (1).0001 (2).0004
Blephariceridae (1).0011Qjs. (3).0004
SImulildee (86)0450 (8).0037
Chironomidae (181).0047 (64).0031 (191)0096 (61).0047 (37).0015 (61).0023 (56).0029 (&6).0030 (10)0003 (38).0017

Bezzia p.EtTae
Arachnida

Nj,dracarina p. (1).0001 (2).0001 (2).0001 (2).0001 (1).0001
Terrestrials (3)0005 (1).0026 (4).0016 (3).0006 (4).0018 (6).0021 (3)0078 (5).0014 (2).0039
Salmonidae

o0i



Appendix I. (continued)

10 January 1976 2 March 1976 22 March 1976 10 April 1976 1 May 1976
Stlhd Stlhd Coho Cohn Cohn Cohn Cohn Cohn Coho Cohn

C C C C

Annelida
L1nodrilus . ---.0017 --.0003 (1).0001

Mollusca
Gastropoda

G raulus . (54)0153

err ss1a.
pliclfera (8).0148

Peleçypoda
Plsldlt .

Arthropoda
Ostracoda

Herpetocypris chevreuxl (5).0005 (1).0001 (4).0008 (7).0012 (14).0025 (22).0034 (4).0007

Insects
CoJ1e,o1a (3).0005
Epbeøeroptera (8)0041 (l).0001 (6).0030 (1).0002 (5).0029 (3).0041

Beetis .

Odonata
Plecoptera

Me.oura 2 (1).0001 (1).0001
Megaloptera

Stalls . (1).0014 (2).0052 (2).0071
TrT1tera (1).0193

etus .

1,droptlla . (5).0024 (2).0008
Psycho.yia .

Polycentropus .

LIiephi1idae
lepidostoma .

COleoptera
Dlptera

Limona .

Blephartceridae
(1).0004

Dixa .

S1Tlldae (l).0006
Chironomldae (15).0025 0).0005 (11).0013 (9)0005 (82).0056 (39).0047 (509).0313
Beuia .

Eepldidae (1).0001
Arachnida

dracarina . (1).0001 (1).0001
Terrestrials (i).0091 (1).0001 (6).0026 (1).0001 (3).00l0 (2).0017
Sal.onldae (1).0021

o.
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Appendix I. (continued)

2 July 1976 20 July 1976
C T C T

Stlhd Coho t1hd Coho Stlhd Coho Stlhd Coto

Annelida
Umnodrilus . ---.0008 ---.0059 ---.0031

14o1 lusca
Gastropoda

Gyraulus . (5).0106 (19).0153

err sale 3.
plicifera (1).0016

Pelecypoda
Pisidlum .

Arthropoda
Ostracoda

Herpetocypris chevreuxl (14).0007 (13).0019 (64).0111 (93).0153 (50).0051 (63).0058 (29).0030 (70).0lO0I-
Insecta

Col1eola
(pheeroptera (7).0018 (11).0044 (4).0004 (3).0004

Baetis . (13). 00)6 (2).0001
Odonata
Plecoptera

Neoura . (2).0001
Megaloptera

Slalis .

TrTiiera
Agapetus .

tydroptila . (3).0008 (1).0006 (3).00l0
Ps3'choltyIa .

Polycentropus .

U.nephilldae
Lepidostoia p.

CoFeoptera (5).0020 (3).0013
Diptera

Umonia .

Btepharlcerldae

Slmuliidae (l).0007
Chironoa,ldae (458).0)59 (84).0036 (406).0191 (263).0088.(208).0067 (123)0038 (200).0070 (70).0015
Bezzla . (4).0004 (6).0007 (2)0002 (3).0004

ETTaae
Arachnida

Hydracarina .

Terrestrials (5).0159 (1).0012 ).0O03
Salmonldae
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Appendix 7. (continied)

28-30 November 1976 18 December 1976
C I C T

Stlhd Cobo Stlhd Coho Stlhd Coho Stlhd Coho

Annelida
Lienodrilus . --.0267 ---.0350 ---.0006 ---.0018 .0082 ---.0035 0012

No] lusca
Gastropoda

Gyr8ulus . (33).0255 (17).0080 (23).0)58 (1S).0140 (80)0240 (29).0070 (25).0200 (2).001&

ferrissia
(1). 0004

.

plicifera (13).0030 (5).0053 (2).0092 (12).0024 (24).0046 (13).0191 (7).0048
Pelecypoda

P1sidi . (5).0026
Arthropoda

Ostracoda
Herpetocypris cheyreuxi (4).0009 (6).0010

Isopoda (1).0001
Insecta

Collembola
Ephemeroptera (12).0023 (1).0001 (6)0028 (.0008 (9).0020 (10)0026

Baetis . (8).0020 (15).0033
Odonata
Plecoptera

Neaoura . (4).0056 (1)0019 (1).0006
Megaloptera

Simile p.
Trichoptera (1).0004 (1).0005

Aapetus .

Hydroptila . (15).0061 (i).0003 (1).0002 (Z).0006 (5).0021 (1).0001
Psychosyla .

Polycentropus . (T).0002 (i).0001
Limnephlu{dae

Lepidostosa . (2).0003
Coleoptera (1).0002 (1).0002
Diptera

Ilsonia p.
Blephariceridae
Dixa . (1)0001

S1iTiidae (1)0007 (1).0006
Chironomidme (21)0010 (19).0008 (5)0001 (25)0029 (7).0002 (30).0007 (14).0008 (11).0002
Bezna .

Empfdidae
Arachnida

Hydracarina .
Terrestrials (7).0056 (11).0101 (3).0005 (3).0024
Salmonidae

N)



Apl,endix I. (continued)

8 January 1977 27-29 January 1977
C I C I

Stlhd Coho Stlhd Coho Stlhd Coho Stlhd Cobb

Anne 11 da
Liodri1us . ---.0037 ---.0086 ---.001(7 ---.0025 ---.0016 ---.0054 ---.0053

Nollusca
Gastropoda

Gyraulus . (16)0055 (14).0160 (11).0090 (6).0044 (36).0120 (3)0014 (2).0008 (6).0048

Ferrlssia .

plicifera (4).0010 (3)0028 (6)0126 (3).0009 (20).0168 (31)0096 (4). 0023 (2).0012
Pe]ecypoda

Pisidi .

Arthropoda
Ostracoda

ptocypris chevreuxi (2).0004 (5).0011 (1).0001 (2).0004
Isopoda
Insecta

Co11ao1a (1).0002
Epheaeroptera (7).0025 (17).0O61 (15).0078 (12).0028 (16).0065 (3).0006 (15).0050 (22).0061

Odonata (1).0004
Plecoptera (4).0029 (2).0017 (2).0002

Ne.oura . (3).0014 (1). 0001
Megaloptera

Sialis . (fl.0047 (2).0027
TrTiEera

Agapetus .

Hidroptila . (9).0044 (3).0011 (1).0002 (1).0004 (14).0073 (1).0005 (1).0004
Ps.ycho.yia p.
Polycentropus . (2).0002 (2).0002

Lianephi I (dee
Lepidosto.a .

Co)eoptera (1).0011
Diptera

Limonia .

Blepharlceridae
Oixa

. (3). 0010 (3).00iO
Siaulildae (2).0009 (30).0020 (3).0013 (3).0013
Chlronomidae (8).0005 (15).OQ11 (12).0009 (6).000I (39).0018 (29)0009 (13)0014 (20).0014
Bazzia p.

dae
Arachnida

Hydracarina . (1).0002
Terrestrials (1).Q034 (2).0009 (1).0005 (l).0034
Salmonidae

-.1
(A)
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Appendix II. invertebrate numbers (in parentheses) and blomasses (In g./m2) in the riffles of the control (C)
and treatment (T) streams.

27 February. March 1. 1975 22-23 March 1975 11-13 Apr11 1975

Anne) Ida
Limnodrilus . (14.1).0392 (55.7).1547 (ui.6).022 (226.2).6215 (12.6).0349 (3.3).0091

Molluscs
Casstropoda

Physa
(59).2366 (43).0185 (431)1457

sp.
F9Tsila p. (21.6).0482 (64.?).1810

flIfera (51.7)9.6190 (86.2)22.2o (1L5)2.7469 (659.4)139.7302 (224)42.0095 (495.7)68.7505
Pelecypoda

Pisidium .
.

(12.9).0530
Arthror

Ostracoda
Her etoc ris

cevreux (4.3).0009 (43).00 (8.6).0022
InSecta

Colleinbola
Ephemeroptera

(4.3).0228 (25.9).0802
(l7.2).1797 (47.4).6913snus.

AmeTitiis SD.
Pari1eptolebla tenporalls (4.3),0017 (17.2).0159
Para1eptoph1iba debfl 1s
Paraleptophrebia gregalls (1l.5).0023 (4.3 .0022
(5hemerella sp. (4.3 .0039

1iTajjatus (69).0440 (12.9).0293 (23).0783 (17.2 .0190 (30.2).0409 (8.6).0099
8TbTcaudatij (23).0679 (17.2);0789 (4.3).0078

Eptflum !E.
Odonata

Cordulegaster dorsalis
Iogonipti spu1iTi

Plecoptera
Pe)toperla brevis (4.3).0138
Nioura a (12.9).0017 (149).0713 (4.3).0013 (112.).0771 (8.6).0001
Leuctra .

(4. 3) . 0026

Brachyptera pacifica (30.2).2043
Pteronarcefla

(11.5).0035 (4.3).0155
r4djjljris (4.3).0004 (4.3).0172

Iso enussoera.
(4.3).0004 (4.3).0017

c era
A)Th1a . .

(43)0004 . (4.3).000l
Acroneuria p.

Megaloptera
Sialls rotunda
STi11calffornica (4.3).3918 (4.3) .2664 (4.3).1440

.

Trichoptera
Rhyacophlla !2.
A a etus .

y ropt a . (34.5).0315 (l1.5).0035 (4.3).0052 (4.3).0040
Wormaldia sp..
PiE1iyiaTumina (23).0QT2 (4.3).0026
Po1yçentrop
Parapsyche.

(4.3)0013

H dro S che !2..
Lmnep se 1 (23)2.6437 (4.3).5624
Limnephllidae p. 2
Lepidostoma (4.3).0103
?iicraseea p.
Heterop1ecton cal Ifornicum

Coleoptera
Lara

Tr1imn1us a
(12.9).o069 (43.1).0250 (4.3).0026 (8.5).0034

Diptera
Nolorusia 2.0Tiiiti!2.. (4.3)0022 (8.6).0116 (iI.5).0104 (4.3).0147 (4.3).0138

ET .

BlePljjr,cerldae (4.3) .0001
Slmulildae (4.3).0228 (38.8).0866 (23).005$
Tanypodlnae (314.6).0250 (4.3).0017 (310.7).O1U (4.3).0125 (99.1).0142 (60.3).0440
Diamesinae
Orthocladlinae (1038.7 .1728 (1297.3).2323 (632.9 .1047 (176.7 .0397 (474.1 .1608 (625).3263
Chironominae (409.5 .0578 (1921.8 .4051 (25.9 .0009 (94.8 .0401 (259).0190

Bezzla . (17.2 .0009 (4.3).0000 (34.4 .0012 (12.9 .0039 (43.1 .0047 (4.3).0004
E1dTae (4.3 .0009 (11.5).0o35 (4.3).0043

Arachnida
!1y4r!carina .(73.3).0060 (56).o073 (g1.7).0o58 (38.8).0030 (99.1).0159 (38.8).0030
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Appendix II. (continued)
9-10 May 1975 May 30, 1 June 1975 23-24 June 1975

Annelida
Limnodrilus (517.4)1.4352 (33.9).o94o (679.4)1.8848 (422.3)1.1715 (1135.7)3.1506 (63.7).1767

Mollusca
Gastropoda

yrau1us . (17.2).1241 (4.3) .0159 (4.3).0116 (12.9).0457 (43.l).3189
Pysa .

iTssia sp. (47.4).1004 (21.6).o659p1ic1ra (262.9)49.1986 (521.5)120.2500 (107.8)27.7659 (396.5)55.7757 (176.7)32.7516 (767.2)103.1600
Pelecypoda

PlsidItan (4.3).0129
Arthropod&

Ostracoda
Herpetocypris

chevreuxl (17.2).0091 (8.6).0034 (73.3).0340 (168.1).0470 (86.2).0603 (801.7).5880
Insecta

Collembola (4.3).0004
Ephemeroptera

Cinygma integrum (8.6).0409 (21.6).1491
Epeorus HT11 (17.2).4319 (4.3),0004 (172).0879
Epeorus janus

iieTefus
ebi a

pp!a11s (4.3).0056
ParaleptopMebia debllls (8.6) .0009
Para1eptophTebT jfs (30.2).0797
phemere11a p.

Baetls trfcaidltus (21.6).0642 (181).1621 (4.3).0009 (25.9).0535 (30.2).0260
8fl1 bicaudatus (4.3).0263 (4.3).0004
CiiE?ptlii .

Odonata
Cordulegaster dorsells
Octogomphus specularis (8.6)1.4895

Plecoptera
Peltoperla brevis
Nemoura (69j.0233 (228.4).0879 (120.7).0573 (73.3).0207 (47.4).0461 (17.2).0134
Leuctra !2.
Ca nil . (4.3),0009
rac yptera paclflca

Pteronarcella
regularli (4.3).0091 (4.3 .0034 (12.9).0288 (12.9).0392 (4.3).2396 (8.6).0732

Isogenus (4.3 .2586
IsopeTdp. (4.3).0362 (4.3 .0362 (4.3).0069
Rickera
Alloperla . (4.3).0013 (4.3).0022 (4.3).0043
Acroneurla ,

Megaloptera
Slalls rotunda
SITTIi calTfornica
0iTiTohernies .

Trichoptera
Rhyacophila
Aga etus .

Hy rop a (8.6).0134 (5.6).0901 (17.2).0190 (125).1162 (215.3).1681 (340.5).4788
Wormaldia !P.
PsychomyiaTumlna (4.3).0116 (8.6).0198
Polycentropus p. (8.6).1159 (4.3).0672 (4.3) .0052
Parapsyche 2 (4.3).1190
Hydropsyche .
(jjhl11dae j. 1 (4.3).0543 (21 .6)1.9550 (8.6)1.3751 (17.2)2.1269 (25.9)3.1622
Limnephi1dae i.a 2
Lepidostoma . (4.3) .0543
Micrasema 2
Heteroplectron californlcum

Coleoptera
Lara
H1rT1mnlus .2.
Cleptelmis p. (8.6).0052 (25.9).0134 (4.3).0025 (12.9).0961 (8.6).0146 (4.3).0013

Diptera
Holorusla
Dicranota (4.3L0034 (8.6).0017 (4.3).0013 (4.3).0052 (38.8).2025
Llmonla
Lirlope p. (4.3).1384 (4.3).1371 (12.9).2819

Bliphai9cerldae
Simulildee (8.6).0047 (8.6 .0323 (8.6).0220 (81.9 .0091 (8.6).0052 (12.9),0315
Tanypodlnae (271.5).0297 (293.1 .0095 (349).0168 (69 .0116 (517.2).1681 (155.2).0259
Dlamesinae
Orthocladljnae (284.5).0673 (693.9).3099 (375).0828 (672.4).2077(12369.7).2844 (3370.4)1.1396
Chlrononilnae (306.0).0767 (8.6).0013 (69).0108 (81.9).0184 (129.3).0457
Bezzla!p. (21.6)0082 (77.6).0306 (81.9).0297 (34.5).0112 (4.3)0o17 (8.6).0013Empldldae (4.3).0022 (4.3).0013 (8.6).1603Arachnida
Hicrina (103 4) 0151 (60 3) 0116 (107 8) 0129 (60 3) 0073 (560 3) 0819 (2501 fl44R
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Appendix II. (continued)
13-14 July 1975 4 August 1975 25-26 August 1975

Angel ida
C

(7.8).0216 (62.l).1724 (466.1)1.293 (35.7).0991 (160).4439 (20.2).0560

Gastropoda
rau1us !2 (43.l).0603 (l7.2).0802 (21.6).0500 (4.3).0078
as1. (4.3).0017

errissia so. (4.3).0254
9.pc!?ra (357.7)96.720? (849.1)174.719 (150.8)31.5392 (422.4)80.5797 (168.1)24.7031 (525.8)78.4851

Pelecypoda
Pisidium . (43).5991 (21 6) 2422 (4 3) 0116

Arthropoda
Ostracoda

Herpetocyrpis chevreuxl (732 7) 3922 (90 5) 0405 (17 2) 0099 (948 2) 2241 (258 6) 0474

Insecta
Col lembola
Ephemeroptera

Clny integrum (4.3).0017
Epeorus nitIijs (4.3).0147

s nus
Nn&letus
Parafeptoplilebia temporal is
Paraleptophiebia debilis
Paraleptophiebla gregal is
Ephemerella sp.
Baetis tr1cadatus (103.4).0737 (4.3).0082 (64.7).0603 (112.l).0703 (4.3).0078

Tblcaudatui (21.6).0026 (17.2).0026 (4.3).0009 (25.9).0017 (43.1).0043

Ctipt11um .

Odonata
Cordulegaster dorsalis
Octogomphus specularis

Plecoptera
Peltoperla brevis
Nemoura !2 (81.9).0211 (4.3).0026 (12.9).0078 (8.6).0009

Leuctra p.

Bra1iyptera paCifica
Pteronari'fla regülerls (8.6).0198 (4.3).0146
Isogenus
Isoperla .

Rickera .

Afloperla !2.
(4.3).0047

Acroneurla p.
Megaloptera

Sialis rotunda
lä11Tce1Tföinica (4.3).2664

icZahermes .
Tn choptera

Rt,yacophlla p-.

(43.1).0129 (129.3).0733 (8.6).0082 (64.6).0651 (86.2).0043 (129.3).0430

Wormaldia P..
Ps'chomy1aTumina
Polycentropus !E (4.3 .0004
Piapsyche . (4.3 .0091
H#diopsyche . (4.3 .0095

Limnephflidae !Q. I (12.9).9973 (4.3).4913 (34.5)1.4123 (4.3).6258 (12.9).4870

Limnephllldae . 2

Lepidostoma .

Micrasema sp.
8terop1ecWon californicum

(4.3).0844

Coleoptera
Lana .

rlimn1us!2..
C1epte1ms (12.9).0091 (8.6L0056 (4.3).0004

Diptera

Dfcraflota (4.3).0129 (12.9).0495 (43.1).0172

LTihonla (17.2).0263

BFep1arfceridae
(8 6) 0026

(8.6).0022 (8.6).0043

Tanypodlnae (474.1):0517 (172.4).0129 (129.3).0129 (172.4).0216 (474.l).0216 (129.3).0086

Orthocladllnae (5258.2)1.5085 (i20.6.2543 (lSo8.5).2414 (3146.3)1.0560. (3965.2).1681 (3448).1250

CM ronomlnee (431) .0042
8ezzla

(43.l).0086

tjTTaae (8.6).0Q30
(43.l).0043

Arachnida
4ydracanina (818 9) 1509 (43 1) 0043 (12 9) 0017 (4 3) 0009 (689 6) 0560 (387 9) 0172
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Appendix II. (continued)
15 Sept. 1975 7 October 1975 28 October 1975

Annelida
Limnodri1s . (1).0004 (2.5).0069 (1 0.0030 j.0026

Mollusca
Gastropoda

Grau1u (125) .0853 (4.3).0047 (64.7).1030

FerfssTa j. (38.8).0969 (4.3).0262 (21.6).0612 (4.3).0116
p11c1fera (206.9)30.5104 (646.5)74.6750 (241.4)39.2470 (8ó6)8L0833 (150.9)17.8166 (517.2)61.4515

Pelecypoda
Pisidium !2.

Arthrop
0tracoda

chvriiF (34.5).0069 (146.5).0328 (4.3).0001
nsecta

Col lembola
Ephemeroptera

iflteyrum
nitldus (4.3) .0022

Ep longimanus
Ttus .

PiThpoh1ebia temporalis (8.6).0017
ParaleptopMebia debilis (4.3).0009
Parale to hTeba gregalls

ernere a
aetfs trTcaatus (56).0103 (8.6).0004 (56).0297 (21.6).0099 (43.1).0483 (43.1 .0159

BitTbicaudatus (4.3).0004 (4.3 .0001

is

Peltoperla brevis (4.31.0047 (8.61.0060
Nemoura jT (17.2).0069 (17.2) .0034Ei .
8riWyptera pacifica
Ponar'fla regilTaris (4.3).0374 (4.3).0094
!soenus jp
IsoperTá

(4.3).0056
.

Rickera !2
Afloparla (4.3).0009
Acroneurla p.

Me1 optera
Sbus rotunda
TTT caTifornica

Tohermes !2.
Trchoptera

Rhyacophila
4a

(4.3).0103
etus !P.

y ropt a . (4.3).0004 (12,9).0052 (77.61.0349 (12.9)0082
Wormaldia . (12.9).0082 (4.31.0030
PsythoeyiiTum1na
Po1ycentropij
Prapsyche . (4.3).0091 (4.3).0004
Hydropsyche j.
Limnephilidae !2. 1 (4.3).0793 (12.9).2236 (4.3).1172
Llmnephilidae . 2

pidbstOma .

MTrasemn . (4.3).0017 (4.3).0047 (8.6).0091
HeterOpi ecTPbn ca H fornicum

Coleoptera
Lara p.
itir1imn1us
Qpte1mis ja (4.3).0603

Oiptera
Holorusla !25Toa .LimTi.
L.1-__ .

Blep ar cerldae
Simuliidae (8.6).0001 (12.9)0001
Tanypodinae (34.5).0013 (4.3).0004 (21.6).0013 (8.6).0004 (232.7).0080 (56).0030
Diamesinae
Orthocladiinae (418.1).0103 (99.1).0O56

(34.51.0009
(90,5).00S6 (112.0.0039 (25.9).0001 (25.9).0001

Chi ronomlnae
tmezzia .

EmpTTae
Arachnida

Nydracarina . (60.31.0030 (34.5).0022 (56).0022 (12.9).0004 (129.3).0047 (60.3).0013



Appendix Ii. (continued)
18 November 1975 11 December 1975 5-6 January 1976

Annel Ida
Limnodrilus . (4.5.01Z5 (102.9).2853 (2.31.0065 (301.0832 (lo.3).0284 (6.4).0117

Mollusca
Gastropada

jus . (38.8).0142 (172.4).1345 (12.91.0121 (25.9).0069
Physa sp.

TsTa!p. (4.3).0245 (4.3).0047 (34.5).0461
p1rc1fera (125)21.9012 (633.6)65,2030 (198.3)30.0928 (1064.6)117.7798 (219.8)35.4821 (913.7)110.2667

Pelecypoda
Pisidium . (4.31.0022

Ar chrod
Ostracoda

Her etoc ris
cevreux (215,5).0o43 (64.61.0108 (47.4).0091 (112.1).0142 (60.341.0125

Insecta
Collembola (12.9).0017 (4.3)0004
Ephemeroptera

integrum (4.3).0009 (4.31.0039 (8.6).0013 (4.31.0009 (17.2).0039
US flltidiis (8.61.2613 (8.6).0019 (17.2).0246 (4.3).0001

Epeorus TiThihus
ine1etus sP (17.2).0069
Para1ijto1'1ebia temporalis (17.21.0073 (21.61.0078 (4.3).0009

Thptoph1ebla debilfs
Pra1epto1eb1 gr1i (4.3) .0009 (4.3).0004
Chiire1ia s
8aetis trTa*atus (43.l).0259 (150,91.0323 (362).1556 (112.1 .0624 (862).4176 (150.9).0866

TbTcaudatus (60.3).0026 (18.6 .0017 (21.6).0Q17 (17.2).0022
(4.3 .0008

Odonata

.3 .0073
.3 .0022 (4.3).0039 (12.9).0190

.)).0758 (4.31.0823

Rhyacophila s.
Aapetus .

HydroptTla 32. (69).0453 (25.9).0112 (68.9).0405
Wormaldia . (4.3).0022 (8.6) .0022 (12.9).0052
Pschoinyf&Tum1na
Pol centro us p. (21.6).012) (4.3).0004
arapsyc e 3.2.
ydrope .

LimnephiTfdae p. 1

Limne1,i1Tdae !E 2
pTdostoma .

Micrasema (4.3).0069
Keterop1econ c1 ifornicum

Cal eapterd
Lara p.
1(r1Tmn1us .

Tpte1mis .

Diptera
Holorusia
0Tnota , (4.3).0013
rTTi.
tTTh .

BlepharIceridae
Simullidee (12.91,0013 (17.21.0030
Tanypodinee (71.6).0043 (25.9).0022 (137.9).0091
Di ames I nae
Orthocladlinae (17,2).0026 068.11.0116
Chironomlnee

Sezzia (4.3).0001
EiiTa'Tae

Arachnids
racar1na, (646.5).0034 (4,3).0001 (137.9),0065

(34. 5) .0543
(8.6).0004 (69).0500 (8.6).0004

(43 . 1') .0099
(17.2) .4409

(12.9) .0046

(25.9).0190 (129.3).0763 (43.1).0289
(17.2).0078 (12.9).0047

(4.3) .0013 (4.3) .0056
(4.3).0022 (4.3).0009

(4. 3) .0202
(30.2) .0198

(4.31.0008 (4.31.0935 (4.31.1038

(4.3) .0004

(17.21.0047
(21.6) .0013

(81.9 .0030
(8.6 .0017

(12.9 .0004

(64.7) .0026

(4. 3) .0017

(4. 3) . 0017

(4.3) .0026
(103.4).0177 (8.61.0034
(150.9).0052 (21 .6).0009
(47 .4) . 0039

(107.8).0052 (116.4).0030

(12.9) .0004

(112.1).0047 (34.5).0017
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Appendix II. (continued)

.21-23 January 1976 9-13 February 1976 4-5 March 1976_C I
AnneHda

Llmnodrilus !E (16 3) 0453 (5 7) 0159 (18 5) 0513 (3 3) 0091 (62 1) 0172 (1 4) 0039
Mollusca

Gastropoda
Grau1us (21.b).0259) (12.9).0168 (30.2).0856 (4.3).0069 (4.3).0072 (12.9).0129
Pysa sp.

fffsja . (21.6).0396 (4.3).0034
p'Ticijra (150.9)17.0339 (823.2)71.3510 (150.9)25.7354 849.1)119.0800 (133.6)22.6249 (1310.2)153.6

Pelecypoda
Pisidium (4.3L0030 (4.3) .0017

Arthropoda
Os tra coda

Herpetocypris
chevreuxf (103.4) .0172 (1435.2).3133 (8.6).0017 (56).0129 (4.3).0009

Insecta
Collembola
Epherneroptera

Cinyna integrurn (21.6).0254
Epeorus nitfdus (4.3).0272 (8.6).0543 (8.6).0353
ps1ongimanus (4.3).0017 (4.3).0095

Ainefetus p. (4.3) .0138
Para1eptop1'iebia

pora11s (21.6).0078 (4.3).0009
Paraleptoph{ebia debilis
Paraleptophiebia grega'Ils
Ephemerella sp. (4.3).0013 (4.3).0004
Beetle tricaatus (422.4).2500 (51.7 .0332 (366.4).2586 (73.3).0720 (310).3141 (47.4).0703
8flib1caudatus (25.9).0022 (8.6 .0013 (12.9).0039 (17.2).0017 (47.4).0211 (12.9).0004

pti1um .
Odonata

Cordulegaster dorsalis
Octogomphus spetuTarli

P1 ecoptera
Peltoperla brevis (4.3).0091 (8.6).0190 (8.6).0241
Nemoura (64.7).0142 (30.2).0034 (4. 3) .0004 (64.7).0034 (12.9).0060 (12.9).0004
Leuctra j. (4.3).0004
Ca nia
racyptera pacifica (56).0401 (51.7).0634 (30.2).0069

Pteroiii11a reguTaris (4.3).0883
tsogenus .

IsopeFfa
gickera . (4.3).0034 (4.3).0194 8.6.0056
Alloperla . 8.6 .0082
Acroneuria p. 4.3 .0004

Megaloptera
Sialis rotunda
1i71icaJ1fdrnfca
i1iohermes .

Trichoptera
Rhyacophila a.

(4.3).0159
Agapetus .

Hyd'r6tfla . (69).0414 (21.6).0138 (60.3).0353 (21.6).0151 (8.6).0522 (8.6).0047
Wormaldid !P. (4.3).0004 (4.3).0017
Psychom.yiaTumine
Po1ycentropüi: (4.3).0065 (4.3).0001 (4.3).0009 (32.9).0034
Parapsyche p. (4.3) .0043 (43).0008 (4.3).0116
Hydropsyche .

Limnephllldae . 1 (4.3) .0001
Lirnnephi11de 2.. 2 (21.6).1340
[pidostoma . (4.3) .0009 (4.3).0009
Micrasenia
Hetero1ectron

californicum (4.3).0857 (4.3).0827 (8.6).1737
Coleoptera

(era AR.
FtEr1Tmn1us .

CleRtelmis !2.. (4.3).0013 (8.6).0039
Di

Holorusia .
(8.6).0001 (8.6).0009 (4.3).0026

L1niTii.
[TFiope s.

81epTarTceridae
Slmuliidae (77.6).0280 (43.1)0134 (112.1).0569 (47.4).0155 (4.3).0004
Tanypodinae (137.9 .0116 (8.6).0009 (69).0056 (21.6).0073 (137.9).0068 (17.2).0013
Diamesinae (107.8 .0073 (12.9 .0004
Orthocladlinae (142.2 .0099 (81.9 .0039 (116.4).0125 (103.4L0177 (689.6).0530 (25.9).0086
Chironominae (73.3 .0030 (833)0047 (30.2).0026
Bezia . (12.9).0004 (12.9) .0004 (8.5).0001 (4.3).0001

EnTd'iae (4.3).0004
Arachnida

Hydracarina (43 1) 0017 (21 6) 0009 (81 9) 0034 (25 9) 0022 (198 3) 0095 (21 6) 0017



Appendix II. (continued)
24-26 March 1976 16-17 Ppri1 1976 6-7 May 1976

Anne) Ida
Limnodrilus . (4.5).0)25 (2.9).0082 (1.4).0039 (29.7).0823 (159).4422

Mo) lusca
Gastropoda

G,rau1us (4.3) .0043 (4.3).o043 7.2).0500 (38.8) .0793
(4. 3) .2676

FerrisiTa p. (12.g).o241
dfjra (280.2)52.5005 (1081,8)1)7.6260 (168.1)28.6688 (1086.1)94.9484 (228.4)32.020? (1267)121.0355

Pelecypoda
Pisidlum (4.3).0043

Arthro
Os tracod a

jpocrIschevreuxi (12.9).0034 (336.6).0734 (206.9).0474
Insecta

Collembola
Ephemeroptera

a Integrum (4.3).0004 (17.2).0284
!snftidus (8.6).0198 (4.3).0073

Epeorus longfrnanus
sp.

temporalls (4.3).0017 (17.2).01?2
!ptoph1ebia db11is (8.6).0026

ara1e to hiebia gregalTs
p emere a p.

Baetis tricaatus (206.9).2207 (60.31.0509 (47.41.0513 (56).0431 (60.3).0647
8If1ib1caudatus (38.8).0315 (8.6).0069 (17.2).o151 (12.91.0095 (8.6).0095

ThptfTtxn jp.
Odonata

Cordulegaster dorsalis
hus pET1s

P1 ecoptera
brevis (8.6).0211 (21.61.0703 (8.6).0177 (8.6).047Q

Njiiira . (51.7J.OUZ (12.91.0022 (121.9).0122 (12.9).0026 (61.21.0245 (189.6).0065
Leuctra .

Ca nia p.
rac tera paclfica (4.3).0099 (4.3).0116
teronarce a re.1aris(4.3).0823 (12.91.5473 (4.31.2198 (4.3) .2379

Isogenus . (4.3.0775
.

Rickera !2.Ara .

AcroniTa . (8.6).1948
Megal optera

Rh aco hila .

gapetus (21.6).1689 (4.3 .0353
I4ydroptfla . (12.9) .0073 (60.3 .0259
Worinaldia p. (4,31.0043 (4.3).0013 (61.2).0031 (4.3 .0001
PhomfaTumina
Polycentropus p. (17.2).0250
Parpsç (4.3) .0521 (4.3).03)9
Kdrosche.
Lmnep ae. 1
Limne hflidae p. 2 (12.9).0913
Lep os oem . (6) .9) .0122 (4.3).0017
Micraseina p, (4.31.0013
io1ection callfornicum (4.3) .0413 (4.3) .0612

Coleoptera
Lara p.
1Thir1fmnIus .

Cleptelmis . (8.6).0043 (8.6) .0034 (4.31.0026 (8.6).0453
Di ptera

Holorusia 2.0Tndt (4.3) .0009
Limonia .

E1 .

B ehfcer1 dee
Simuliidae (25.9).0Q52 (4.3).0004
Tanypodinae (155.2).0121 (17.2).0017 (4.3),0039 (1?.2).0034
Dlamesinae
Orthocladllnae 715.4).1O78 (73.3).0082 (16637.6).0802 (349.1).0388 (4865.61.2938 (51.7).0082
Chironomlnae (4.31.0009
Bezzia . (4.3) .0001 (60.9).0001 (12.9).0022 (25.9).0026

(30.6).0092
Arachnida

Ilydracarina . (163.8).0078 (8.6),0013 (25.9).0013 (61.2).0031



Appendix 11. (continued)
27-28 May 1976 14 June 1976 27 June 1976

Anneilda
Uninodrilus . (67.8).1850 (26.6).0739 (9.3).0258 (1.4).0040 (26.6).0739 (79.9).2216

Mollusca
Gastropoda

Irau'1us (12.9).0741 (123.5).0722 (11.5).0034 (12.9).0246 (86.2).06o8

Fji9sjfa p,.
,'11cjfjra (301.7)33.3033 (1724)136.6959

(49.4) .0372
(2223.6)105.0443 (2046.4)209.6731 (155.2)19.3975 (2198.1)102.3950

Pelecypoda
Pisiditas

Arthropoda
(4.3).1052

Ostracoda
Herpetocypris

chevreu,ff (201.51.0671 (470.1).0537 (345.9).0103 (378.31.0757 (90.5).0190 (56).0142Insecta
Collembola
Ephemeroptera

Cinygsa inteyrum (98.81.0258
nitidus

E eorus longfmanus
e etus p.

(49.4) .0017

Para"1ifopH1ebia temporalls
ParaleptophiebTa debilis (4.3).0004 (4.3).0017
Para1eptoph1eb1 9!!9]i
E hemerella sp.

e s trfcaj'atus (47.4).04l4
61i bicaudatus (4.31.0060

(889.41.0676 (l83.4).0745 (60.3).0336 (25o).l194

iopti1tr !2.
(4.3) .0004

Odonata
Cordulegaster dorsal is
0ctooaçhus specularis (4.3).2741

Plecoptera
Peltoperla brevis (5.7).0011Nira !2 (335.8).Q403 (67.2).0269 (1087.1).0246 (34.4).0040 (6o.3).o116 (34.5).0052

(24.7).0057 (21.6).0387

(4.31.0121 (4.31.0306

Sialis rotunda
ST'1T caTi1bnica

Thohermes . (24.7)2.0578
Trichoptera

Rhyacophila .

Agapetus p,.H drot1la !P, (25.9) .0151 (4.3).0034 (24.7).0017 (17.2).0069 (38.8).0267 (229.1052
orma a !9. (4.3).0013 (4.3).0022 (4.3 .0026

PsychdmylaTurni na
Polycentropus . (2l.6).0263
Para s che (4.3).0392

ro S c e
mnep ne . I (34.5).7046 (8.61.4103 (98.8).1926 (1l.5).0871 (4.3).0525 (4.3).0517

[imnephilidee ,. 2
postoma . (4.3).0012 (8.6).0060

Micrasema sp.
i1iFon californlcuin

Coeop ra
Lara .

Rt'rTimnlus 2
çpe1a1s . (24.7).0023

Diptera
Holorusia .
Dicranota jp,.
Limonhi .

Lii9ope ,. (4.3).0216 (4.3) .0198
Bi ephariceri dac
Simulhidae (11.5).0029 (4.3 .0026
Tanypodlnae (21.6).0026 (3557.7).0332 (504.4).0344 (1343).1544 (805.8 .0336
Olamesinae
Orthocladilnee (1477.3).1477 (4566.2).0224 (5138.9).0355 (768.1).o676 (2014.5 .0537 (10072).6l77
CHronominee (873 .0537 (201.5).0067

Bezzla . (98.8) .0023 (231.0040 (8.6 .0017EiTaTae (5.7).0006 (8.6 .0009 (4.3).0009
Arachn Ida

Hydracarina. (49.4)00 (5.7).0006 (8.6).0009 (8.6).0017



Appendi, II. (continued)
21 July 1976 11 August 1976 1 Sept. 1976

1 1'

Annelida
Limnodrilus !2. (798.3)2.2145 (3S9.6).9977 (133.9).3713

(.66.1).1834 (65.43.1815

4ol1usca
Gestropoda

Y!dUlUS p. (30.2).1060 (43.1).0440 (64.7).2965 (116.4).1237

FiiTssIa .
(4.3).olo3

1Tcifera (318.9)45.9497 (573.2)55. 3464 (331.9)31.9565 (1413.7)111.7755 (482.7)71.0369 (2732.5)208.0350

"alecypode
Pisidjum . (44,73.0895 (4,3).O185

Arthropoda
Ostracoda

Ilerpetocypri S
cWevriiT (7158.1).8455 (2236.93.1521 (2236.93,5100

(313.2).0536 (21.6).0034

Insects
Collembola
Ephemeroptera

Integrum
E eorus nitidus
_porus longimanus
A,neletus p.
ParaTepto1ebla tenporalls
ParaTeptophlebla debtI is
Paraleptophlebia QregaTls
Ephemerella sp.
8t1s tr1caatus (38.83.0116 (21.63.0043 (47.4).0138 (8.6) .0009 (94.8) .0371 (12.93.0022

8Ifl1 blcaudatus
tifit11um

Odonata
(4. 3) . 0351

(4.3) .0009

4.7).1029 (21.63.0112 (8.6).0017 (25.9).0065 (12.9).0022

(4.3).0172 (4.3).0116

(12. 9) . 0052

EW

Rhyacophlla 2
Aapetus !Q.'
HydTrodtTla sj. (30.23.0133 (94.8).0560 (.2),007B (268.43.0626 (30.21.0095

Worma'dla p.
(4.3.0004

PsychomyfaTumina
o1ycentropus .

(8.6).0216
(4.3).0078

Pare $ che gp
y ropsyc e

lJinehiTTdae . 1 (30.23.3857 (8.63.1815

Lfmne hi{jdae p. 2
(17.23.1560 (12.93.1176

Lepoma .

MTrasema

(4.3) .0193 (4.3).0012

.

pection califarnicum
(4.3).0538

Co Teoptera
Lara R.

iIr11an1us
(4.3) .0009 (8.6) .0039

(12,9).0026 (21,6).0073 (4.33.0013 (4.3).00l7

Diptera
Ilolorusia g. (8.63.0026 (25.93.0116 (4.33.0009

E1T1ij. (8.6) .0034

ETe .

5TephaTcer1dae
Simulildee (25.93.0056 (4.3).0013 (12.9).0095

Tanypodinae (1163.2 .0089 (44.7).0001 (357.93.0134 (581.63.0089 (4.3).0004

Diameslnae (4.3 .0052 (4.33.0043

Orthocladllnee (1968.5 .0984 (2371,13.1208 (4250.1).2058 (671.13.0313 (2460l).O582 (2L6).0013

Chlronominae (939.5 .0537 (268.4).0580 (492.13.0134 (357,9).0134 (357.93.0045 (30.2).0013

Bezzla g. (44.1 .0045
EiiaTae (44.73.0045

Arachnids
Hydracarina . {313.2).0224 (8.6).0004
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Appendix U. (continued)
22 Sept. 1976 10 October 1976 31 October 1976

Annelida
Limnodrilus .

C

(81.7).2267 (2.2).0060 (10.3).0284 (67.6).1875 (12.1).0336
Mol lusca

GastrOpoda
Gyraulus 2. (2$.9).0293 (8.5).0039 (12.9).0069 (47.4).0401 (69 .0948 (17.2).0207
Ph sa (8.6).0043 (4.3 .0030
err s1a 2. (4.3).0025 (8.6).0)03 (12.9 .0340 (25.9).0237

pUcifera (474.1)25.2543 (1060.3)118.992 (245.7)22.9710 (1202.5)121.6756 (530.1)30.4367 (1487)120.4662
Pelecypoda

Pisidlum . (64.6).1689
Arthropod

Ostracoda
Herpetocypris

chevreuxi (594.8).1345 (4.3).0009 (51.7).0099 (8.6).0009 (34.5).0078 (4.3).0004
Insecta

Collenibola
Ephemeroptera

Cinygma integrtsn
p!9sn1tTaus

(4.3 .0022
(12.9 .0022 (8.6).0022

(8.6).0017
(4 '.00(.4

longTmanus
PineTetus 2
Paraleptophiebia

teinporalls (8.6).0009 (4.3) .0013 (25.9) .0060
Paraleptophiebia debuts
Paraleptophrebli gregil Is
Cphemerella sp.
Baetls trIcajatus (275.8).1009 (107.8).0504 (142.2).0470 (90.5).0401 (138).0629 (b4.7).0259
8ttbicaudatus (34.5).0Q25 (17.2).0013 (21.6).0013 (25.9).0022

iiFpt11um
Odona ta

Cordulegaster dorsalls
Oc togomphus speculii9s

P1 ecoptera
Peltoperla brevls (25.9) .0052 (4.3).0013
Niemoura
Leuctra a

(25.9) .0129 (25.9) .0039 (4.3) .0060 (4.3) .0009 (21.6) .0154 (21 .6 .0078

Ca nia
rac yptera pctflca

PEronarceT1a reguTaris (4.3).0237
Ysognus jp..
rso eiTRcera.

(4.3).0017

A11'Ia .

Aioneuria .

Megaoptera
Sialis rotunda (4.3).0806
1TTica1ifdrnica

1johermes .

(4.3).0030

Trfchaptera
Rhyacoph11a p.
Apetus .

(ydrotT1a . (94.8)0293 (30.2).0091 (60.3).0138 (4.3) .0026 (172.4).0647 (17.2).0108
Wormaldia p. (4.3).0065 (4.3).0001 (4.3).0004
Ws'chomyIaTumina

.iycntropus p. (12.9).0013
Parapsyche
R'dropsyche !2
Limnephilldae 1 (4.3)1055
LimnepMlldae !2. 2
Lcpidostoma p. (12.9).1077

(4.3).0013Micrasema jp.
Heterop1ection ca1tfOr1cum (17.2).3232

Col eoptera
Lara s. (4.3) .0284
1fr1Tmn1us ia (8.6).0022 (4.3).0013 (21.6).0375
Cleptelmis !2. (34.5L0121

Diptera
Holorusla .ia
fcranota (8.6).0009 (4.3).0001

t.imonfa (8.6).0147Lirf. (4.3).0047
BThp ar cerldae
Simultldae (17.2).0022
Tanypodinae (146.5).0043 (43.1).0017 (306).0091 (112.1).0043 (353.4).0121 (47.4).0022
Oiameslnae
Orthocladtinae (500 .0250 C211.2).0168 146.5 .0121 (112.1).0095 (4.3).0009
Ch,ronomtnae (258.6 .0207 (185.3) .0082 129.3 .0047 (172.4) .0099 (172.4).0108 (38.8).0125

Bezzla . (4.3 .0001 (4.3).0004
EiTaUae

Arachnida
Kvdracar1na (172) 0009 (86) 0004 (129) 0004 (129) 0001 (43)0001



Appendix 11. (contInued)
26 November 1976 16 December 1916 4 January 1977

Annelida
Limnodrilus

. (46.6).0129 (2.6).0043 (18).0499 (1).0013 (84.7L2349 (5.4).o251tiol lusca
Gastropoda

Gyraulus . (4.3).0247 (27.2).0198 (8.6).0194 (12.9).0238 (25.9).0414

ViiTssia !P.j'IItlfira (340.5)60.1284 (1810.2)137.562 (176.7)26.3341
(12.9).0126

(1655)92.3395 (573.2)41.1070 (1387.8)117.8306Pci ecypoda
Pisidjum (4.3) .0043Arthropoda

Ostracoda
Herpetocypris chevreuxi (30.2).0060 (4.3) .0004 (44.3) .0013 (133.6) .0306I nsecta

Col lembola
Ephemeroptera

Integrum
711TTh

(17.2) .0030 (12.91.0043 (4.3) .0172prus (8.6).0017 (12.9).009i (4.3).0013 (4.3).0004 (8.6).0073 (12.9).0030eorus anus (8.6).o017
me e us .

Paraleptophiebia
(4.3).000i (4.3).0004 (8.6) .0017

ternpora)1s (34.5).0095
ParTe hiebia

(43.1).0159 (4.3).0009 (8.6).0030to deblils
Para epp iaEpIi.
8itfs t9adatus 103.4).0315 (206.91.0582 (168.11.0703 (366.4).2064 (275.8).1099 (250).0896Wáitliblcaudatus 107.8).0078 (181).0091 (25.9).0022 (22.6).0027 (56).0078 (112.1).0056

Odonata
Cordule oster dorsalls
ctogomp us pçjar1s

P1 ecoptera
Peltoperla brevis (8.6).o086 (4.3).0091 (4.3).0047Nemoura.
Leuctra p.

(116.4).1009 (4.3).0026 (94.8).)280 (8.6).0060 (25,9).0198 (17.2).0078

8racTiptera pçjjca (21.6).0060Pteronarc'fla regTar1s
sO9enus .

(17.2).2917 (8.6).1465 (4.3) .0737

Isoperia Q.
Rickera .A11oiia .

Acroneuria

(22.9) .0073

Sialis rotunda
T1TT ETT?Fnl ca

Tohermes .

Rh aco hue
a etus fl.

Hy rop a

WoriviTdTa !P.
PsychomylaTuml na
Po1yciitropus .

Parapsyche
H dr s che .

Limnep ae i.E. 1

[Tph11idae . 2
Lepldostoma P.
Micrasema p.
HeteropTecfron

cal Worn
Col euptera

Lara sp.
flIr'1Tmnius
flke1m1s .

Diptera
Holorusia
Dicranota .flmTh.
Liriop .

BiepharTcerldae
Slmullldae
Tanypodlnae
Diameslnae
Orthocladl mae
Chironoeinae
8ezzia .

ETdTaae
Arachnida

)jy4acarfna .

(168.2).0664 (4.3).0022 (349).1827 (21.6).0112 (125).0677 (4.3).0047
(25.9).0164 (34.5).0336 (8.6).0039 (4.3).0013

(4.3) .0129

(4.3) .0013

(4.3).0052 (4.3).0026 (12.9).0112

(4.3).2168 (4.3).0603

(4.3) .0238
(8.6).0026 (4.3).006o (4.3).0013

(4.3) .9612
(4.3).0013 (4.3).0004

(34.5).o022 (86.2).0168 (47.4).0108 (125).0384 (56).0203 (90.5).o198
(107.8).0034 (30.2).0022 (228).00gg (43.1).0030 (94.8).0052 (25.9).0043

(21.6).0009 (90.5).o056 (8.6).o022
(90.5).006o (22.6).0013 (176.7).0177 (17.2).0090 (349.1).0323 (142.2).0116

(12.9).0009 (8.6).0004



Appendtx II. (continued)
24-26 January 1917

Annel Ida
_T

Llmnodrilus . (95.6) .0155 (1.6) .0043
Mollusca

Gastropoda
Gyraulus . (8.6).0082

Ferrrssla . (4.3) .0064
pliclfera (168)13.2373 (1262.8)89.0823

Pal ecypoda
PsidIurn .

Arthro
Ostracoda

Herpetocyprl s
chevreuid (4.3).0009

Insecta
Collernbola
Epherneroptera

C1nyna Integrurn (17.2).0198
2sn1t1dus (17.2).0375
EpeOrus 1Thinus
Mieletus .

Tjitoph1 ebi a
(4.3L0008

tern ralls (4.3).0030 (8.6).0043
Para ep oj ebla debllls
Parale to hlebla gregiTfs
p ernere a
aet1s tr1caatus (159.5).0845 (517.2) .1978

8Iflib1caudatus (56).0039 (94.8).0060
EptI1um p.

Odonata
Cordulegaster dorsalis

gghus jpecularis
Plecoptira

Peltoperla brevis
Nernoura . (30.2).0272 (8.6).0001
Leuctra
Ca nTä p.
rae yptera pc1fica (25.9).0073

Pteronarcifla regiilirIs
Isogenus
iso erla !2.'
ic era . (4.3).0043

Allo erie
croneur a

Meg1ra
Slalis rotunda
TI11T caTTfn ice

1iEoher*nes p.
Tr 1 choptera

ithyacophila !2.
Agapetus .
H dro tila (73.3).0474

orrna a . (4.3) .0013 (8.6).0065
Ps_c1iifalurnlna
Oycentropus

Parp .

Wdro S che .

rnnep ae . 1

Lirnne hTTTdii p. 2
ep Ostoma .

Micreserna .if pection
cal IforsTeum (4.3) .1314 (4.3) .0737

Coleoptera
Lara p.
11fr'iTrnp1us . (21.6).0069
flee1rnis j.

Di ptera
Holorusia T2.
DTEiñota . (43).0001
Lirnonfa .tT

81 epharl cerldae
Sirnullidse (30) .0030 (69) .0224
Tanypodlnae (306).0259 (8.6).0004
Dlarneslnaa
Orthocladiinae (21.6).0026
Chironornlnee (47.4).0009 (112) .0060

Bezzia .

Ei1Tae
Arachnida

Hydracarina . (8.6) .0013
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Appendix III. Invertebrate nlabers (in parentheses) and bloesasses (in g Ic2) in the pools of the control (C) and
treataient (1) streass.

8-9 March 1975 30 March 1975 16-18 AprIl 1975
C C C

$emitoda
Annelida

Limnodrilu . (4861.2)27.6391 (3333)9.1278 (722.2)3.5111 (4250)25.6224 (5277.8)74.5005 (5027.8)44.8614
Mollusca

Gastropoda
Gyraulus . (194.4).3666 (11l).3416 (166.6).7305 (2777.8)8.4306 (27.7).1138 (416.6)1.4222

FarTsiTa . (55.5).2027 (194,4).8777 (27,1)1055
p1Ti1ira (111)16.0667 (1l1)2.8528(972.2)165.9135(1527.8)101.8508 (194.4)30.5002 (444)64.4171

Pelecypoda
Pisidlum . (1222.2)9.6750 (305.5)2.3527 (83.3).3444 (555.5)5.5)67 (1194.4)9.5972 (361)4.8444

Arthropoda
Ostracoda

Herpetocypris
chevreuxf (472.2).2111 (277.7)1777 (194.4)1083 (55.5).000l (27.7).0027

Isopoda
Irsecta

Collembola
Ephemeroptera

Cinygma integrum (27.7).0222 (277).4666
Epeorus nitidus
Ameletus . (27.7).0138
Paraleptoph)ebia bicornuta
Paraleptophlebia (27.7).0444

teoraHs
Paraleptophiebia debil is
Paraleptophlebfa grea1ls (27.7)2361
Baetis tricaudatus

Odonata
Octogomphus specularis

Placoptera
Nemoura . (27.7).0027 (83.3).0250
Brachyptera pecifics (55.5).0055 (27.7).0916
Tsogenus .

Isoperla . (27.7).0694
Rickera .

Alloperla .

Megaloptera
Sialis rotunda
Th1T calffornfca (83,3)3,7305 (111)4.7917 (222)9.8500 (55.5)1.8222 (111)6.3250

TrEitera
Aapetus .

Hydroptlla p. (27.1).0333
Psychomyia lumina
Polycentropt"j (27.7).0360 (27.7).0944 (138.8).0216 (27.7).1305 (83.3).59)6 (27.7).2611
Lianephilidee . 1 (27.1)2638 (27.1)2.4000 (666.6)28.3752 (55.5)3.4389
Le_pidostoma , (27,7)0083 (55.5).0722
Ricrasema . (27.7).1083
HeteropTectron call fornicu.

Coleoptera
Lara .

Heterlimnius .

C1ejte1ais . (27.7).0111 (55.5).0250
Diptera

Dicranota .

LimonTa .

Liriope . (333.3)10.8584 (27.7)1.0805 (55.5)5583 t:194.4)1l.4612 (27.7)1.2055
Dixa .

STTifdae
Tanypodlnae (138.8)1122 (55.5)0611 (138.8).4666 (250)7444 (111)0500
Diameslnae (27.7)0001
Chironominae (12777)4055 (83.3).0333 (138.8)0416
Orthocladlinee (5003.2666 (55.5)0001 (83.33.0611 (694.4).5)38

Bezzia . (55.5).0056 (83.3).0055 (27.7).0083 (27.7)0027
Arac1T

Hydracarina . (111)0111 (27.7).0027



ApDendlx III. (continued)
12 May 1975 4-6 June 1975 26 June 1975I

Nematoda
Annel Ida

Limnodrflus . (3027.8)22.8335(1027.7)2.3972(3083.4)29.4446 (1611)12.0278 (250)1.4777 (2083. 3)11.2862
Mollusca

Gastropoda
iiau1us . (388.8).6250 (250)1.3250 (55.5).5472 (388.8)2.0972 (333.3)3.1944 (611)1.3000

Ferrlssia . (27.7).1694 (111)1.5944
jj1Tlfera (222.2)27.8891 (750)40.3003 (333.3)63.7505 (1833)77.6395 (361)60.4171 (916.6)164.4179

Pelecypoda
Pleidlui . (55.5)3138 (694.4)7.5306 (27.7).2583 (412)4.7055

Arthr0
0tracoda

petocypris chevreuxl (27.7).0055 (611).3500 (861)7111 (1416.6).8666
Isopoda
Insecta

Collembola
Ephemeroptera

C1nvo integrum
nitidus

Ameletus .

Pat1oph1ebia bicornuta
Paraleptophiebia as
Paraleptophlebia debfils (55.5).3583
Paraleptophiebia

gregalls (55.5)3000 (55,5).5222
Baetis tricaudatus

Odonata
Octogomphus specularls (27.7). 2722

Plecoptera
Nemoura .

Brachyptera pacifica
Iogenus .

Iper1i .

Rickera .

Alloperla .

Megaloptera
Siaha rotunda
TTT californic.

TrTEjer
Agapetus ,

H dro tila p. (1944.4).3333
syc omyla Tilina
)ycentropj (111).8250 (27.7),3722 (27.7).2305

Limnephjlldae . 1 (83.3)9.6000 (27.7)1.2638
Lepidostoma (55.5).4527
Micrasema .

HeterTjc1jon call fornicu.
Coleoptara

Lara AP.
trTTmnIus .

Cleptelmis .

Diptera
Dicranota p.
Limonla p.

(27.7)1.0222 (27.7).2250
Dixa p (27.7). 1944
S1i1Ti Tiae
Tanypodlnae (194.4)5638 (27.7).0972 (83.3).1277 ((27.7).0555
Diamesinae
CMronominae (555.5).1388
0rthoc1adjlna (444.4).1694 (55.5)0055 (138.8).0972 (1666.6).2777

Bezzia p. (35.5).0393 (55.5).0277 (55.5).3694
AracWI

Hydracarina . (27.7).0277
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AppendIx 111. (contInued)
17 July 1975 8 Aqgust 1975 29 August 1975

'lesatoda
Annel Ida

Limnodritus . (5000)41.667 (5555.6)23.4724 (222).6361 (5277.8)39.2500 (4444)4.7778 (6944.5)6.0556
Mol usca

Gastropoda
G4iraulus p. (7777.8)13.8890 (416.6)2.9778 (7611)11.6945 (277.7).1388 (2500)2.5555

Fei9sjTa . (27.7).111l (27.7).1166
jffjjTTEivtire (250)41.4586 (194,4)18.5057 (361)56.0115 (444.4)77.2283 (111)9.6917 (388.8)22.4279

Pelecypoda
Pisidlue . (1500)15.1305 (1027.7)12.7501 (27.7).26$6 (388.8)3.3361 (250).4583 (833.3)2.8889

Arthropoda
Ostracod*

Herpetocypri s
chevreuxf (277.7)2222 (5111.1)2.5000 (83.3).0638 (833.3).5277 (305.5).0527

Ipoda
Insects

Collembols
Ephemeroptera

Cinya integrum
Epeorus nUtdus
Melitus p.
Paraleptophiebja bicornut
Pars Ieptophle6Tj teoraHs
Para1eptoph1ejj debflis (27. 7).0500
Paraleptop11ebjj gregal is
Raetis tricaudatus

Odonata
0etogo,hus specularis

P1 ecoptera
Nemoura .

Brachyptera pad tics
Isogenus !2
Isoperle .

Rlckera . -

Alloperla .

Megal optera
SIaHs rotunda (l11).4111 (277.7)2.6666 (27.7).2305 (27.7).2055 (1l1).6583
311111 californica (83.3).2805 (138.8).2805 (27.7).1416

TrTitera
gapetus .

Hydroptila p. (27.7).0138 (55.5).0250
PsichomyIa (27.7).9027
Polycentropus . (27.7).6944
LfmnepMlidae . I
lepidostoea .

Mfcraseaa .

HeteropIectron
celifornicue (27.7).6166

Coleoptera
Lara p.
Iir1Tmnius .

Cleptelmis p.
Diptera

Dicranota p.
Limonia . (27.7).0138
LTriipe .

(27.7).0305
Dixa .

S1TI I dae
Tanypodinae (555.5)2.6666 (27.7).1472 (55.5).4250 (83.3)1111
Diaieesu,ae (277)2.7500 (27.7)1333
Chironoisinee (ilL 1).0416 (55.5).0166 (27.7)0027
Orthocladijnae (4444)2.6944 (4444.4)1.2777 (222.2).0750

Bez-zia .

Areci1'
IIydracarina .
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Appendix UI. (continued)
19 Sept. 1975 9 October 1975

C

30 October 1975

Neu,atoda
Anne lida

Limnodri lus . (888.8). 6333 (1583.3)1.0168 (5555)3.2500 (6944.5)5.4722 (7694.5)3.4639 (2861)7333
Nol lusca

Gastropoda
Grau1us . (12694.5)11.6250 (55.5).1166 (55.5).0500 (527.1).8583 (2805.5)2.9305

1sa .

! pliclfera (222.2)30.8113
(55.5). 1555

(1055.5)68.3033 (388.8)36.9640 (111)7.5306
(55.5).1444

(194.4)4.2583(1777.7)21.3001
P1ecypoda

Pisidium . (361).6333 (172.2)4.9194 (250).6000 (11i).3472 (805.5)1.5666
Arthropoda

Ostracoda
Herpetocypris chevreuxi (55.5).0)38 (5833).8333 (638.8).1472 (55.5).0083 -

Isopoda
Insects

Collembola
Ephemeroptera

Clnyaa Inteprum
Epeorus nitldus
Ajseletus .

Paraleptophlebf a bicornuta
Paraleptophiebia te.poral is
Paraleptoph)ebia debtils
Pavaleptophlebla rea1Ts

(27.7).0194
(27.7). 0055

8aets trlcaudatus
Odonata

Octogoephus specularis (13.8).2180
Plecoptera

Neoura (27.7).0388
Brechyptara peel flea
1soenus .

Isoperla .

Rickera .

Alloperla p.
Mega)optera

Sialls rotunda (55.5)4750 (111).8083 (111)1.3138
3T'TT californica (27.7).0888 (55.5).2972 (55.5).2166 (27.7)3916

Trichoptera
gptus .

Hydroptila (27.7).0138
Psychosyla lualna
Polycentropus p.
Llmnephllldae . 1

Lepldostoivia .

Hicrasema 2
Heteroplection cal Ifornicum

Coleoptera
Lara .

Heterlimnius .

Cleptelmis (55.5).0222
Diptera

Dicranota .

Limonia .

Lriope .

Dixa sp.
S1T1TBae
Tanypodi nae
Dlir.eslnae
Chironomlnae (27.7). 0027
Chi rono*l nae
0rthocladilne

Bezzia .

Arac1Tr
Hydracarina .
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Appendiv 1.11. (continued)
21 November 1975 9 December 1975

7-8 January 1976

1'

Nematoda
Ann1 ida

Limnodrilus . (527.7)5111 (6944.5)5.9167 (1361)1.0111 (3583.4)3.4750
(108).3722 (1261.8)4.3333

Nol ,usca

Gastropoda
rau1us .

(55.5).0527 (2777.8).9722 (27.7).0138 (4222.2)1.5166

Ph 5

(27.7).0527

arrissli .
(27.7).0722 (194.4).6527

j11fera (55.5)14.4556(1583.3)134.u17
(4527.8)233.7296

(277.7)34.1197 (222.2)15.3333

Pelecypoda
Plsjdium .

(166.6).2694 (1944.4)3.3055 (305.5).7138 (166.6)1.3027 (305.5)3416 (888.8)1.3666

Arthropodá
Ostracoda

ptocypris
chevreuxi (83.3)0138 (83.3).0166 (83.3).0027 (1055.5).1472 (61fl.3888

Isopoda
Insecta

Collembola
(55.5).0136

Ephemeroptera
ga int

(27.7).1472

Epeorus nitidus
Amelet.us .

iiTioph1ebfa bicornuta
Paraleptophiebia teii1Ts
Paral eptophTibT debi I Is

Para1epto.ph1ebl greQaIs
Baetis trIciius

Odonata
0ctogohus ppecularis

Plecoptera
Nemoura .

(55.5).0360

hyptera aciflca

Tnus .

9pprTe .
(27. 7). 0638 (27.7). 0666

(27.7). 0250 (27.7). 1583

R,ckera .
(27. 7). 0750

P4egalopters
Sialis rotunaa (55.5)4666 (27.7),2722 (27.7).1777

(83.3)1.2583

T1T ceiffornlca (83.3)1.1555 (83.3).7972
(27.7).3916 (27.7).3972 (83.3)1.1111

Trichoptera
Agapetus .

Hydroptila .
(21.7)0166

(27.7).0027 (27.7).0138

Psychomyia lumina
Po)ycentrqpus .

Limnephilidap . 1

Lejidostoma p.

Micrasema .

Heteroplectron californicum

Coleoptera
Lara s
Hater mnius .

ClepteTmls .

Diptera
Dcranota .

Limonia .

Lirfope .
(27.7).0833 (27.7).1194

Ofxa .

S1Ti Tdae
Tanypodlnae

(27.7)0138

Diameslnae
Chironomlnee

(83. 3).0083
(222.2).0416

Orthocladllnae

(55.5).0305

Bezzia .

Araciit
Hydracarina .

(27.7).0001

4
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Appendix III. (continued)
16 January 4976 6 February 1976 3 March 1976

Nematoda
Annelida

Limnodrilus . (630.1)2.1639 (452.9)1.5555 (478)1.6416 (829.9)2.8500 (491)1.6861 (734.4)2.5222
Mollusca

Gastropoda
Girau1us . (1000).7000 (277.7).2333 (194.4).2500 (222.2).1500 (305.5).3833 (27.7).0277

!iysa!P.
F'TsiTà p. (83.3)1912

plicifira (277.7)36.2975 (1750)60.0635 (166.6)26.514 (1722.2)242.8000 (55.5)3,3721 (111)58.9643

Pelecypoda
Pisidfue. (27.7).0527 (500).4472 (1305.5)1.9305 (611.1).9110 (555.5)1.6694 (1083)1.1444

Artliropoda
Ostracoda

Herpetocypris
chevreuxj (444.4).Q972 (55.5).0083 (1361.1).2861 (1833.3).2722 (1027.7).2388 (222.2).0361

Isopoda (83.3).2250
Insecta

Collembola (55.5).0111
Ephemeroptera

Cloy integrue (27.7).1333
peorus nItidu (27.7).0500

Ameletus . (21.7)0277
Para1poph1ebia bicornuta
Para1ptoph1ebii temppralls (55.9).0222
Pera1eptoph1ebt debflis
Paraleptophlebia reg1is (27.7).0027
Beitis tricaudatus (27.1).0222 27.1).0138

Odoriata
0ctoghus 4pecularis

Plecoptera
Neoura ,.
Brachyptera pacifica
Isogenus p.
Isoperla .

Rfckera .

AYTper1a . (55.5).1222 (2?.7).0444
Negaloptera

Sialis rotunda (27.7).5055 (27.7).3444
Th1T caTfrn1ca (55.5).5722 (83.3).8194 (27.7).4166 (27.7).4027

TrTitera
Agapetus .

Hydroptila . (27.7).0194 (27.7).0138 (83.3).0611 (55.5).0277 (27.7).0111 (21.7).0166

Psychia a
Pycentropus .

Lmnephi1idae . I (55.5).1916 (27.7).0250 (111).5805
LeIdosto.a p. (55.5).0361
MTraems .

HeteropTectron calitornicue (27.7).0361
Coleoptera

.
(2?.7).0472

Heterlimnius .

Cpte1mTs !2
(27..7).0555

Diptera
Dicranota !P
Liinonia .
LTrjgp p. (27.7).1305 (55.5).2611 (55.5).3694
Dixa.
s1iTi idae
Tanypodlnae (27.1).0001 (27.7).0001 (27.7).0111 (555,5)1888 (138.8).0500 (194.4).0388

0iamesnae (55.5).0027
Chlronominae (83.3)0083 (21.7),0001 (138.8).0165 (2277.7).5111 (555.5).0416 (555.5).1250

Orthocladilnae (83.3).0027 (55.5).0001 (166.6).0001
BezZia ,

(21.7).0027
AracTi"

Hydracarina .
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App.ndix III. (continued)
21-23 March 1976 12-14 Apr11 1976 35 MaY 1976

(27. 7). 0194

Annel Ida

Lienodrilus . (957.7)3.2889 (854.9)2.9333 (1284.5)4.4111 (1193.1)4.0972 (1001.4)3.4389 (673)2.3111

Mol lusca

Gastropoda
G4,raulus . (166.6).2722 (333.3).4277 (888.8)1.4166 (55.5).0472 (555.5)1.9222

FarrnsiTa s.
p11cI1ra (250)64.156 (1388.9)69.7838 (27.7)4.2694 (2000)23.5973 (333.3)11.3444 (750)13.2945

Pelecypoda
Pisidium . (2000)3.9333 (1444.4)2.4500 (55.5).1388 (1055.5)2.0027 (777.7)1.4222 (1500)4.7833

Arthropoda
0 tracoda

Herpetocyprls
chevreuxl (5666,7)1.1111 (1166.6),2000 (944.4).1277 (138.8).0361 (2277.7).5333 (388.8)0666

sopoda
insects
Collembola
Epheaeroptera
Cinygaa integrum (27.7).0083 (55.5).2333

(peorus nitidus
Ae1etus .

ara1eptoph1ebie bicornuta
Para1eptopheia taoraTIs
Pra1eptoph1ebIa debllla (27.7).0055 (55.5).0138 (27.7).0194

Paraleptophiebia
gregalis (55.5).0055

Baetls tricaudatus (27.7).0001
Odonata

0ctogohus specul cr1 a
Plecoptera

Nemoura .

Brachyptera pacltic.(55.5).0277
Isogenus p.
Isoperla
Rickera .

Alloperla . (27,7).0527
Megaloptera

Sialis rotunda (83.3)1.3277 (111)1.1333 (27.7).2694

TiT californica (27.7).0138 (27.7).0833 (83.3)1.6972 (55.5)5.44

TrTiiera
Agapetus (27.7).0805

Hydroptila .

Psychocyla lumine
Polycentropus .

Limnephi1ida . 1(111)5.2778 (111)2. 1055 (55.5)1.7361

Lepidostoma p. (194.4).1305 (111).0444 (27.7).0555 (27.7).0138 (55.5).0055

Mlcrasetia . (27.7).0388
Heteraplactr8n californicu.

Coleoptera
Lam g.

rTTmnius .

Cleptelmis . (55.5).0222
Diptera

Dicranota .

LimonTa .

(27.7)1166 (27.7).1472 (55.5)3166

Dixa p.

STTiTdae
Tanypodinee (333.3).1333 (166.6).0888 (222.2).1777 (222.2).0500 (250).2583

DI amesi see

Chfronoc,inae (500).1166 (888.8).1277 (500).1277 (305.5).0527 (111).0166 (166.6).0222

Omthocladlinae (111)0333 (27.7).0027

Bezzia . (27.7).0001

AracTi
Hydracarina . (111).0166
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App,ndix III. (continued)
24-26 May 1976 13 Jun. 1976 30 Jun.1 july 1976

Nematoda
Annilida

Limnodrilus . (569.4)1.9555 (972.2)3.3389 (805.4)2.766 (1121.1)3.8500 (1310.4)4.5000 (757.1)2.6000
Mollusca

Sastropode
GVraulus . (638.8)7.1444 (333.3).188$ (444.4)1.2222 (666.6).6111 (1944.4)5.7111 (861).6222

Ferrls1a . (55.5)2666 (55. 5). 1944
pilclfera (333. 3)20.4556 (7250)47.3808 (305.5)8.2111 (805.5)33.5002 (527. 7)50.6586(1694.4)45.456

Ppl ecypoda
PIsidlum . (333.3).3722 (1000)1.9833 (555.5).7944 (2444.4)4.5555 (83.3).1611 (750)1.625

Arthropoda
Ostracoda

!!rptocyprI S

chevreuxl (888.8)1444 (6727.2)1.0666 (666.6).1666 (4333.3).8333 (7333)1.2972 (3777.8).7611
Isopoda
tnsecta

Collembola
Ephemeroptera

Cirtygma integrum
Epeorus nitidus
Ameletus .

Parafeptoi)eb1a bicornuta
Paraleptophlebla teora1is
Paraleptophlebla dibills (27.7).0055 (111).1055 (55.5)0166 (55.5).0694
Paraleptophlebla

gregalls (55.5).1194 (111)1083
Baetfs tricaudatus

Odonata
Octogo,phus specularis

Plecoptera
Nemoura . (55.5)0083 (27.7).0055 (55.5).0277
Brachyptera pacific.
Isogenus .

[soperTa .

Rlckera .

Alloperla .

t4egaloptera
Sialis rotunda
TiTT californlca (27.7).2194 (5S.5.6944

TrTE1 tera
apetus

Hydroptila p. (27.7).0138 (27.1).0250
Psychoayla Ti.ina
Polycantropus , (27.7).0500
Limnephiuda. jp.
Lepi'dostoma . (27.7).0166 (166.6).2666 (27.7)2027 (83.3).0861 (166.6).5250 (222.2).2166
Hicrasema .

I4eteropTectron Cal ifornicu.
Coleoptera

tar.
11trHmn1us .

Crepteltals .

Diptera
Oicranota .

Limonia Q.Liriope .

DIxa .

S1iT1Tae
Tanypodlnae (194.4).1833 (55.5).0527(138.8).1250 (250)2888 (111).1722
Dlasieslnae
Chironoelnae (55.5).011l (222,2).Q)66 (111).0166 (444.4).0555 (83.3).0055 (277.7).0305
Orthocladilna. (166.6).01l1 (55.5).0333 (27.7).0027 (111).0083

Bezzia (27.7).0027
AracT

Hydracarina . (55.5).0001



Appendix III. (continued)
22 July 1976 9 August 1976 31 August 1916

C I C I C T

Nematod
Anne lids

Limnodri1u . (3283. )11.2739 (184.4).6333 (100.2).3444 (186.8).6416 (179.5).6166 (92.1).3166
Molluscs

Gastropoda
Gjraulus . (576.6)1.5281 (288.3).3748 (638.8)1.5139 (83.3).1222 (194.4).6194 (611.1).1222
Ph sa (27.7).0222
errissla . (288. 3).6055

plicifera (138.8)2.400 1000)36.3114 (250)1.7444 (805.5).4333 (500)4.2139 (527.7)18.5473
Pel ecypoda

Pisidium . (1153.3)1.9606 (2595)3.3158 (111). 1583 (138.8).1583 (138.8).1916 (1277.1)1.7722
Arthropoda

Ostracade
Hepetocypris

chevreux (40367)8.0157 (4901.7)1.0091 (1277.7).2944 (166.6).0416 (777.7)1500 (166.6)0444
Isopoda
Insects

Col lembo)a
Epbemeroptera

Cinygea integrum
Epeorus nitfdus
Ameletus .

Paraleptophiebia bicornuta (27.7)0388
Paraleptophiebia te.porafls
Parileptophiebia

debilis (27.7)0250 (27.7)0361 (27.7).0111 (27.7).0388
Paraleptophlebla grea1 is
Baetis tricaudatus

Odonata
Octogomphus specularis (27.7)1.3889

Plecoptera
Nemoura (576.6).0288
8rachyptera pacifica
Isogenus p. (27.7).0638
Isoperla .

Rickera .

Alloperla .

I4egaloptera
Sialls rotunda (55.5).1222 (27.7).0555 (27.7).0972
T1T callfornica (55.5)3416 (27.7).0138 (55.5).0861

TrTKtera
Agapetus .

Hydroptila . (S55).0250 (27.7).0111 (83.3)0305
Psicho.yia lumina
Polycentropus p. (27.7).0250
Umnephilidae . 1 (27.7)1.2611
Lepidostnea . (27.1)0500
MTcraseme .

Heteroplectron cal ifornlcum
Coleoptera

Lara g.
itr11mnius . (27.7).0111
Cleptelmis . (288.3)0576 (576.$).2306 (21.7).0111

Diptera
Dcranota . (27.7)0027
Limonia .

Liriope . (27.7).0111 (27.1).0222 (27.7).0305
Dxs g.

SiiTildae
Tanypodinae (27.7).0555 (83.3).1055 (194.4).2638 (111)1333 (55.5).0527 (222.2).3250
Diameslnae (83.3)0861 (27.7).0138 (55.5).0638
Chironominae (1441.6)2306 (1730)2018 (55.5).0027 (277.7).0277 (138.8).0250
Orthocladi mae
Bezza . (27.7).0083

AraciTa
Hydracarina .
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Appendix Ill. (continued)
21 Sept. 1976 12 October 1976 2 Novs.r 1976

I

Nematoda
Annalida

Limnodrflus . (371.2)1.2750 (648.7)2.2277 (fl84.2)4.0666 (611.5)2.1000 (84.9).2916 (145.6).5000

Mol lusca

Gastropoda
Gyraulus .2 (527.7)9444 (1583.3)1.4889 (5444.4).8166 (3777.8)2.3277 (388.8)9916 (583.3).4666

Phsa.
err ssla p. (111).3583 (55.5)0444

pllcifira (416.6)40.4614 (4583.3)47.8420 (3111.1)40.2808 (7444.5)57.8892 (916.6)25.0140(3249.9)37.8836

Pelecypoda
Pisidium p. (27.1).0416 (166.6).3750 (4388.9)7.7500 (3888.9)4.9554 (55.5).0833

Arthropoda
Ostracoda

Herpetocypj
chevreuxl (944.4)1833 (83.3).0166 (56513.8)1.0611 (111).0166 (55.5).0111

I sopoda

Iflsecta

Coflembola
Epherneroptera
Cinygma integrum
Epeorus nitidus
Ae1etus .

Paraleptophlebia bicornuta
ParaleptophlebTa t.ora1is
ParaleptophiebTa
deb1is (27.1),0166 (27.7).Olfl

Paraleptophiebla gregal Is
8aetis tricauditus

Odonate
Octogoaiphus Specularl S

Plecoptera
Nemoura . (27.7).0083 (27.7).0194 (55.5).0111 (83.3).0777

Brachyptera pacific.

Isogenus 22
isoperla .

Rickera .

Alloperla p.
Megaloptera

Sialis rotunda (83.3).6083 (27.7).1277

ThTT ci1T nca (27.7)4972 (55.5).5333 (27.7).0472

TrT icr.
Pgapetus .

Hydroptila . (111).0500
Psychoeyia lueina
Polycentropus . (27.7).0166
Limnephiijdae . 1 (27.7),7555
Lepidestoma .

MicraseiM 22
Heteroplectron californicum (27.7). 2472

Coleoptera
Lara . =

ir1 imnius . (27. 7).0083 (55. 5).0194

Cleptelels .
(111).0001

Diptera
Dicranota p.
I.imonia .

Liriope .

Dixa,
$TTiidae
Tanypodinae
Diamesinae (27.7).0305 (27.7).0166
Chlronoeiinae (111).Q111 (83.3)0055 (222.2).0277 (111).0111

Orthocladlinas (27.1).0001
Bezzia p.

(27.7),0027

AraclTi
Hydracarina .
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Apndx 1)1. (cont1nud)
21 Novaffiber 1976 17 Deceiber 1976 5-6 January 1977

Neuaatoda
Ann1 da

Limnodrilus . (3149.8)10.8167 (2)97)7.5445 (7)1.8)2.4444 (6988.9)24.0000 (1985.8)6.8)94 0519)5.2167

Mo)) usca
astropoda

G'raulus p. (111).46)1 (2500)1.6222 (1666.6)3.0833 (2)66.6)1.2388 (500).9472 (2416.6)1.9916

!Y4a 5.
'ii9siTa p (27.7).0583

!93 pHcifira (638.8)23.139 (5972.1)109.97 (166.6)16.0278 (29139)370.7750 (249.9)5.6499(10O55.5J92.9?1

Pelecypoda
Pisidius , (5055,5)7.1722 (1500)1,6166 (222.2).4776 (2833.3)6.8944 (7972.2)6.7556 (2555.5)3.9528

Arthropoda
Ostracoda

Hsrpetocypri a
chevreu,d (3666.6)7222 (55.5)0711 (333.3).0833 (4666.7).9305 (83.3).0166

I sopoda
Insects

Cd lembola
Ephemeroptera

Cinygisa Integrum (55.5)0638 (27.7).0694
Epeorus flitidus
Ameletus .

Paraleptophiebia bicornuta
Peraleptophlebia teporaTis (55.5). 0055
ParaleptoptiliSli debilis
Para 7eptohTebfa preaa1j
BaetTs tricaudatus (27.7)0027 (27.7).0083

(55.5),0)94

Odonata
Octogomphus specularis (27.7).5777 (27.7)2.3222

Plecoptera
Nemoura . (250).3250 (138.8).2805 (55.5)0944

Ejtera pad fica
1soenus p.
Isoperla .

Rickera ,
(27.7).)194 (j7.7).0llljja . (27.7)0638

Megal optera
Sialis rotunda (27.7)5055 (27,7),21)) (55,5).8055 (27.7),7500 (27.7).1250 (55.5)6416

1I1T californica (55.5)7277. (27.7)2722 (27.7).3000 (27.7).0944

TrTltera
Ag4petus .

Hydroptila . (333.3).1)66 (55.5).0222

Psychomyfa lueina
Polycentropus . (55.S).0)66

(55.5).0222

LTmnephilidae . 1

(27.7).0083

LepIostoma .

Micrasema .
Neteroplectron cal ifornicua (55.5).5694

Coleoptera
Lara

r1imnius .

1epte1mis . (55.5).0222 (55.5)0222
Diptera

Dicransta .

Limonia (27.7).1000 (27.7).0833

Lj,1e . (27.7)1)38
bixs ,

S1TTde
(27.7).0472

Tanypodlnae (27.7).0194
(55.5).0388

Diamesinae (5.5).0333 (55.5).0)66 (27.7).0333

Chironoiinae (111)0)1) (166.6).0277 (111).0222 t)66.6).0222 (194.4).0305

Orthocladlinae
Bezia ,.

AracWiJiT
Rydracarina .
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Appendix III. (continued)
27 January 1977

Nematoda
Anne] Ida

limnodrl)us . (865.5)2.9722 (1619.4)5.5611
Mollusca

Gastropoda
Gyraulus (1111)3.3666 (500)5444

Ferrissia p. (55.5).0444
pliclfera (416.6)62.8420(16722.4)217.4540

Pelecypoda
Pisldiva . (1000)1.9944 (2444.4)4.0888

Arthropoda
Ostracoda

Her etoc ris
C evreux (444.4). 1055 (55.5)0166

I sopoda
Insecta

Collembola
Ephemeroptera

Ciyg integrum
E1PP]11 nitidus
Ae1etus .

Paraleptophiebia bicornut
temporal Is

Para1e_ptoph1eba debuts
Paraleptophlebta grea1Is
aetis tricaudatus

Odonata
2mhus specularis

Plecoptera
Nemoura

achyptera pcifIca
Isg .pr1a.
RTckera . (27.7).]388
ATloperla .

Megal optera
Stalls rotunda (27.7)2333 (27.7).3944
iifls cailfornicaTrTtera

Aqapetus .

Hydroptila .

Psychomyta lumina
Polycentropus .

LTmnephilidae . 1

p!4ostoma .

Mfcrasema .

Hiteroplectron californicum
Coliàptera

Lara.
Heterlimnius p.jjmis . (111.1)0388

Oiptera
Dicranota .

LTmonTh ,

.

0lca
STTi idme
Tanypodinae (55.5)0055
Oiamesinae
Chironomlnas (111)0055 (333.3)0388
Orthocladlinae
Beula . (55.5)0001 (111.1)0166

Arac)iTh
Hydracarina .




