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ABSTRACT

Three aspects of lotic ecology have been analyzed utilizing data collected
from totally autotrophic-based streams maintained by the Weyerhaeuser
Company: energy transfer, effects of nitrogen addition, and simulation
modeling. All three streams had very similar periphyton, grazer, collector,
invertebrate predator, and vertebrate predator (fish) communities during
the study period (1972-1974). Calorific determinations were made on the
most important taxa of each lotic system. Indirect methods of converting
data into forms usable for energy investigations appeared to work satisfactorily.

Approximately 9000 kcal/m2 of gross primary production occurred in each
stream during 1973. Losses of this input averaged: mortality and
decomposition (eventually respiration), 35 percent; direct periphyton,
invertebrate and fish respiration, 30 percent; export, 29 percent, FPOM
processing, 4.5 percent; and insect emergence, 0.5 percent. Accumulation
figures were: periphyton, 0.5 percent; and fish yield, 0.5 percent.
Primary and community P/R ratios averaged 4.2 and 1.5 respectively. In
its most realistically estimated form, energy output exceeded input by
1.2 percent.

Effects of fertilizer nitrogen on aquatic plants, invertebrates. and
especially fish were tested for about two years. In one stream, the
input was constant; in the other, nitrogen entered only during periods
of precipitation. The third stream was maintained as a control. Gains
in periphyton biomass and primary production were temporary after nitrogen
input, and lasted about six months. Periphyton biomass variations
between streams were regulated primarily by invertebrate consumption.
Invertebrate standing crop and production, in turn, was influenced most
by differences in drift rates. Trout fed almost entirely on invertebrates
in the water column. Fish production appeared most closely correlated
to the portion of the drift containing larger invertebrates. In analyzing
all trophic levels, no direct or indirect nitrogen influence on fish
production could be found.

Utilizing input data from the streams, computer-based lotic ecosystem
modeling has been accomplished for over four months. Primary objectives
of this portion of the study have been. (1) to accurately simulate trophic
dynamics in an autotrophic-based stream and (2) upon stabilization of
the system, manipulate relationships between trophic levels in order to
understand how aquatic ecosystems function. Though a reference simulation
has yet to be produced, one should be forthcoming by the end of the
year. Much progress has been made in improving the analysis capability
of the model.
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INTRODUCTION

It is the primary aim of ecological investigations to explain how
interactions between individuals and their environment affect the
distribution, size, succession and function of each population in the
ecosystem. The farsighted approach of Weyerhaeuser Company scientists
has been to simplify this task as much as possible. In constructing
streams which have minimal physical, chemical and energy input changes
within and between years, the concise study of simplistic lotic ecosystems
has been made both possible and efficient. Indeed, since the streams
were generally well characterized physically, chemically and biologically
over three years ago, manipulations have been accomplished to determine
how stable existing communities are.

Every year, the Weyerhaeuser Company fertilizes great acreages of forests
to stimulate tree growth. Potentially sizeable amounts of urea can
reach streams months after fertilization, though the effect has remained
largely uninvestigated.' in 1972,therefore, experiments were initiated
to determine how nitrogen additions to two of the three research streams
would affect the involved communities. Though analyzed in almost every
important detail, investigations were mainly oriented toward changes in
fish production. This is a realistic bias for two reasons: (1) fish

are highest in the experimental stream food chain, and reflect the
"health" of the ecosystem reasonably well (Warren 1971) and (2) fish
are a logical species of greatest interest (Ivlev 1945) since they are
the most important economic entity of most streams.

Specifically, the objectives of the research reported in this paper have
been to (1) describe the energy flow in each of the three streams, with
some emphasis on nitrogen-related differences, (2) characterize all
gross plant and animal changes that occurred in response to the introduction
of nitrogen, (3) Investigate the efficiency of using indirect methods'
for calculating inputs into the energy transfer system, and (4) help to
construct a computer-based model of a stream ecosystem in which the
great majority of energy input comes in the form of autochthonous material.

In this paper, some introductory and analysis data from the January,
1975 progress report by the author have been utilized. This has been
accomplished so all pertinent information will remain together. More
detailed treatments of many physical, chemical and biological characteristics
of the streams appear in the interim reports byThut (1967) and Thut and
Herrmann (1969; 1972).



DESCRIPTION OF THE STREAMS

Physical Characteristics

The three Weyerhaeuser research streams were constructed at the 1200

foot western base portion of Mount St. Helens, approximately 35 miles,

east of Longview, Washington in mid-1964. Preliminary chemical and

biological investigations were initiated the following year.

Though all streams are 4.0 feet (1.2 m) wide, stream lengths vary from 400 to

700 feet (122-213 m). Depths average approximately six cm. The streams

are fed by Kalama Spring, a constantly flowing source of 16 cfs (0.45
m3/s)most likely originating from nearby Merrill Lake. Each stream is

partitioned into approximately equal sized riffle and pool areas.

Starting from the spring reservoir, riffles are alternately 25 feet

(7.6m) then 5Q feet (15.2 m) In length (Figure 1). Pools are about
eight feet (2.0 m) long and 1.5 feet (0.5 m) in maximum depth., Though

many riffle-pool sections were constructed, directed research has been
accomplished only on the uppermost six of each stream.

Beginning at the source area, gradients of 0.5 percent, 1.5 percent and
2.5 percent are characteristic for each stream. This sequence is repeated,
assuring each riffle length per gradient type combination will be available
for investigation. Riffles at the 0.5 percent gradient have a current
velocity of approximately 1.0 ft/sec (30.5 cm/sec), at the 1.5 percent...

gradient, 1.4 ft/sec (42.7 cm/sec); and at the 2.5 percent gradient, 1.8
ft/sec (54.9 cm/sec). Overall, the average velocity is a generally
constant 1.5 ft/sec (45.7 cm/sec), with winter flows being about 0.2

ft/sec (6.1 cm/sec) higher than in late summer. Water volumes which

flow through each stream range from 0.6 cfs (0-017M
3/s) in the fall to

1.0 cfs (0.028 m3/s) during the winter months. A realistic yearly mean
is 0.9 cfs (0.025 m3/5)

Each stream is lined with concrete blocks and has been underlaid with

small, smooth stones varying in size between 3/4 and two in, (2-5 cm) in

diameter. The average size is about 1.5 in (4 cm). Frequently, stones
of up to eight in (20 cm) in diameter may be found in the streams. The

mean size of these larger substrate entities is approximately five in

(12 cm).

During the comprehensive recent studies, total surface areas under
investigation have been 110.4 m2 in stream one, 110.6 m2 in stream two

and 112.4 m2 in stream three. Riffle area ranges and means for the

three respective streams are in m2: 13.1-23.5, 18.4; 14.3-24.4, 18.4;

and 13.7-23.2, 18.8.

Since the overwhelming portion of water entering the three streams comes
from a spring, temperatures are very constant. During the approximately
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Figure 1. Diagram of the Weyerhaeuser experimental streams at Kaiama Spring,
Washington. Lines represent riffles; circles represent pools.
Streams 1 and 2 were enriched constantly and intermittently,
respectively, with nitrogen. Stream 3 served as a control.
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eight years of study, high and low readings at the source area have been

6.6°C and 5.5°C respectively. The yearly average is 5.9°C. Air temperatures

may affect water characteristics, especially at certain times of the

year. In the winter, upstream and downstream water temperatures are

many times identical. During the summer, downstream temperatures may be

elevated by as much as 1.7°C. Through the years, differences have

averaged less than 0.8°C.

Since January, 1972, solar radiation has been monitored by a recording

pyrheliometer and elaborated as langleys/unit time (usually days). A

langley is a gram calorie/cm2. Light levels have averaged approximately

180 langleys/day during the six fall-winter months and 350 langleys/day

the rest of the year. Mean values for 1972 and 1973 were 290 and 280

langleys/day,respectively.

Records of the U.S. Department of Commerce estimating precipitation in

the area to be about 120 in (104 m3/.s) per year were corroborated by an

on site based 1973 annual determination of 117.5 In (298.5 m31s.). Based

on data from less than two years, it appears that greatest amounts of

precipitation fall from mid-October to late February. Totals during

this time period may exceed 90 In (225 m3/s). Driest months are probably

June through August.

Chgmical Characteristics

Concentrations of dissolved oxygen have generally averaged about 11 mg/l

(ppm) In the source area of the streams, with slightly higher levels

being characteristic during the winter months. A slight downstream

oxygen increase averaging less than one mg/I has been common throughout

the study years. Though primarily caused by turbulent water conditions,

this phenomenon must be influenced, especially during the summer months,

by metabolic activity of the aquatic plant community.

Though no consistent seasonal pattern developed, source C02 concentrations

varied between five and 11 mg/I from month to month. Amounts of C02

dropped an average of about one mg/I between upper and furthest downstream

locations. As with oxygen, these reductions appeared primarily to be

due to physical rather than biological processes. Characteristics of pH

were closely related to those of C02; source area values ranged from 6.45

to 7.03 and averaged 6.91. With downstream movement, waters became

slightly more basic, occasionally crossing the neutrality point at

lowest stations. The mean reading at station six was 7.21, and differences
between source and downstream sites only rarely exceeded 0.5 pH units.

Nitrate-nitrogen concentrations varied between approximately five and 70

ug/l (ppb), with highest levels consistently occurring during the winter

months. These elevated levels were almost certainly due to chemical

4
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leaching activities of the rainfall waters passing through proximal
soils. Seasonal differences have been generally illustrated in Table 1,
since 1968 and 1974 observations are more summer biased, with 1973 data
coming primarily from winter months. All pertinent figures listed in
the table are from stream 3, so artificial nitrogen additions have not
been included. These will be discussed subsequently. A realistic
nitrate-nitrogen average for the streams would be about 30 ug/1.

Phosphate-phosphorus concentrations also showed substantial source area
variations, though no detectable seasonal pattern was evident (Table I).
Levels ranged from approximately 15 to 35 Pg/l, with a representative
average being 23 ug/1. Downstream reductions in both nitrate and phosphate
cations consistently occurred; the approximate source: station six
differences for the two respective chemical species being 3.1 ug/I and
0.9 ug/1. This characteristic was almost completely influenced by the
uptake activities of aquatic plants. Of nutrients monitored, only
nitrate concentrations appeared to attain low enough levels to be limiting
to plant growth.

Other chemical constituents investigated during the study are
listed in Table 1. As with nitrates and phosphates, these determinations
have come almost entirely from stream 3 and are probably most representative
of all three lotic systems prior to studies of enrichment.

Biological Characteristics

Higher plants and periphyton

The primary terrestrial plants found along and sometimes in all three
streams are grasses and Lupinus spp. Occasionally, Monkey-Flower (Mimulus
guttatus) concentrations have become so dense that the streams are
partially clogged`=. Cuttings are accomplished along the channels often
enough that land plants seldom become a source of allochthonous energy
input.

The term periphyton will be used to describe all attached portions of
the lotic plant community, whether living or dead (Edmondson and Winberg
1971). During all aspects of the study, the major component of the
periphyton was algae. To date, 36 taxa of diatoms (Bacillarlophyta),
six taxa of greens (Chlorophyta), four taxa of blue-greens (Cyanophyta),
two taxa of golden-browns (Chrysophyta) and Batrachospermum sporulans
(Rhodophyta) have been isolated (Table 2). The predominant organisms in

the streams are Z nema sp.j Tribonema bombycinum, filamentous diatoms
(Fra elaria spp. and atoms sp. and an aquatic moss. A discrete
subunit o this flora is an epilithic association of motile diatoms
(Navicula spp. and Achnanthes spp.), blue-greens, a possible underwater
lichen and an unidentified parenchymatous tissue.

The three streams appear to have distinct assemblages of primary producers.

A November, 197 sampling showed stream l to be dominated by filamentous
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Table 2. Algae in the three experimental streams.

Bacillariophyta
Achnanthes Zanceolata var. dubia Grun.

A. minutissima Kutz.
Achnanthee sp. #1

Achnanthee sp. #2

Coceoneis sp.

CzymbeZZa'ventricosa Kutz.

Diatoma hiemaZe var. mesodon (Ehr.) Grun.

Deploneis ovaZis (Hilse) Cl.
Eunotia pectinalis (0. F. Mull.) Rabh.

FragiZaria capucina Desmazieres

F. construens var. venter (Ehr.) Grun.

F. vaucheriae (Kutz.) Peters.

F. virescens Ralfs.

FrustuZia rhomboides (Ehr.) DeT.

Gamphonema montanwn var. subclavatwn Grun.

Gomphonema sp. #1

Gomphonema sp. #2

Melosira italica (Ehr.) Kutz.

M. varians (Grun.) Mull.

McZosira sp.

Meridion circuZare (Grey.) Agr.

Navicuia minuscuiaGrun.

N. peiiiq .Zosa (Breb.) Hilse

N. radiosa var. teneiZa (Breb.) Grun.

N. rhyncocephaia var. #1

NavicuZa sp. #1

NavicuZa sp. #
Nitzschia dissipata (Kutz.) Grun.

N. fiexa Schum.

N. frustuiwn var. perminuta Grun.

Nitzschia sp. #1

PinnuZaria borealis Ehr.

Rhoicoephenia curvata (Kutz.)Grun.



Table.2 (Cont.)

Bacillariophyta (Cont.)
Stauroneis kriegeri Patr.
Stenopterobia intermedia (Lewis) Hust.

Synedra fameliea Kutz.

Chlorophyta

ChZamydomonae globoea Snow

Spirogyra sp.

StigeocZonium sp.

Ulothrix sp.

Vaucheria sp.

Zygnerna sp.

Chrysophyta

Hydrurus faetidus (Vili.) Trev.

Tribonema bombycinum (Ag.) Derbes & Soiler

Cyanophyta

Chamaesiphon sp.

Microcoleus Zyngbyaceus (Kutz.) Crouan

Nostoc parmeiioides Kutzing
Schizothrix caicicoZa (Ag.) Gom.

Rhodophyta

Batrachospermwn sporuZane Sirdot

8



greens (primarily Z nema sp.), stream 2 to be dominated by the aquatic
moss and its associated epiphytes, and stream 3 to be dominated by
Tribonema bombycinum and the filamentous diatoms. Though changes in the
algal community structure have occurred after late 1974, variations have
been both minimal and temporary.

Invertebrates and fish

Insects are the most prominent portion of the invertebrate fauna in. each
of the experimental streams. The five major families (with the probable
number of species in each) are; Ephemeroptera (20), Plecoptera (24),
Trichoptera (25), Coleoptera (6) and Diptera (23) (Table 3). Alderflies
(Megaloptera; Dysmichohermes cre usculus Chandler) and aquatic moths
(Lepidoptera) have also -occasionally been found in the streams. Collembola
(spring tails), which are sometimes abundant, are not truly aquatic
insects. These small organisms certainly cannot be ignored, since they
have the potential of supplying energy from the terrestrial environment.

Unlike the algae, the insect fauna in all three streams is essentially
the same. As expected, the insects in the experimental streams are more
representative of the cold stenothermic situation than those in the
nearby Kalama River. Due to the predominance of autochthonous material
in driving the ecosystem, the majority of insects (and remaining invertebrates)
are grazing-type feeders (Cummins 1973). Collectors, then carnivores,
follow in abundance.

Although not as obvious as insects, many other invertebrates exist in
the experimental streams. Tentative identifications have been accomplished
for only a few, but there is a strong possibility that over 20 species
are present. Non-insect inhabitants of the streams have been determined
to be clams(Pelecypoda: Margaritiferidae), at least two copepod species
(suborders Cyclopoida and Harpacticoida), Hydra sp., nematodes (Order
Rhabditida), ostracods (C rinotus spp.), flatworms (Pol celis spp.),
roundworms (mostly Tubific dae , snails (Gyraulus (Torqu s sp.) and
water mites (Acari:Hydrachnidae).

Rainbow trout (Salmo gairdnerl Richardson) have been maintained in pools
below each riffle of the three streams since late 1971. Screening
d4vices in each pool assure that no movement of fish can take place
between riffle-pool sections. The great majority of fish used in experiments
have been yearlings.

METHODS

Most subjects in this section have been treated in an introductory
manner. More critical discussions, especially of production, appear
with energy flow. Mortality and respiration treatments have been limited

9
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Table 3. Insects in the three experimental streams.

Ephemeroptera

Ameletus sp. #1

Ameletus sp. #2

Baetia tricaudatus Dodds

Cinygma sp. `

Cinygmula sp. (mimus(Eaton)?)

Epeorus (Iron) longimanus (Eaton)

Ephemerella coloradensis Dodds

E. delantala Mayo
E. doddsi Needham

E. grandis Eaton
E. heterocaudata McDunnough

E. ine'mis Eaton
E. spinifera Needham
E. tibia lie McDunnough

Ephemerella sp. #1

Ephemerella sp. #2

ParaZeptophlebia debilis (Walker)
Paraleptophtebiasp. #1
Paraleptophlebia sp. #2

Rithrogena morrisoni (Banks)

Plecoptera
Acroneuria eaZifornia (Banks)
AZloperla borealis (Banks)
A. exquisita Frison
Arcynopteryxcurvata Hanson

A. subtruncata (Hanson)
Brachyptera occidentalie (Banks)

Capnia oenone Neave

C. projeeta Frison
Isogenus nonus`(Needham & Claassen)

Isogenus sp.
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Table 3 (Cont.)

Plecoptera (Cont.)

Leuctra augusta Banks

L. Sara Claassen

MegaZeuctra complicata Claassen

Nemoura besametsa Ricker

N. cinctipes Banks

N. ealiforniea Claassen

N. frigida Claassen

N. oregonensis Claassen

N. producta Claassen

Paracapnia oswegaptera Jewett

PeZtoperZa brevis Banks

P. mariana Ricker

Rickera sorpta Needham & Claassen

Trichoptera

Agraylea sp.

Dicosmoecus sp.

EccZisomyia simuZata Banks

Goerita genota (Ross)

Glossosoma sp. #1

GZossosoma sp. #2

HydroptiZa rono Ross

Imania sp.

LimnephiZus aequaZis Ross

L. occidentalis Banks

L. nogv s Ross

LimnephiZus sp.

Micrasema dirmnicki (Milne)

NeophyZax sp. #1
NeophyZax sp. #2
PsychogZypha aiaseensis (Banks) (=.P. uZZa (uZZua) Milne)

P. subboreaZis (Banks) (= P. aZaskensis Banks)
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Table 3 (Cont.)
i

Trichoptera (Cont.)

RhyacophiZa arnaudi Denning

R. grandis Banks

R. narvae Navas (= R. vepulsa Milne)

R. norcuta Ross

R. vaccua Milne

R. vaefes Milne

R. vagrita Milne

R. verrula Milne

Coleoptera

Agabus tristis Aube

Ametor scabrosus (Horn)

Cymbiodyta sp.

Hydroporus vitie LeConte

Lara avara LeConte

Rhantus binotatus (Harris)
Diptera

Antocha sp.

Bittacomorpha sp.

Chironomidae

Chaetocladius sp. #1

Chaetocladius sp.#2

Chironomus sp.

Corynoneura sp.

Diamesa sp. #1

Diamesa sp. #2

Orthoctadius sp.

Pagastia sp.

Polypeditum sp.

Pseudodiamesa sp.

Syncricotopus sp.

SynnorthocZadius sp.

TrissocZadiue sp.
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Table 3 (Cont.)

Diptera (Cont.)

Dicronota sp.

Hexatoma sp.

Limnophora sp. #1

Limnophora sp. #2

Prosimulium exigens Dyar & Shannon

Simulium (Simulium) sp.

Twinnia nova Dyar & Shannon

Wiedemannia sp.
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to later sections, since methods and results for these subjects were
found to be more efficiently discussed together.

Nitrogen Input

Nitrate-nitrogen additions were initiated at about the same time in
streams 1 and 2 (Figure 1) using two different introduction strategies.
In mi,d May, 1972, a constant input of nitrogen as NaNO3 was begun In
stream 1. Though designed to increase the background nitrogen concentration
by approximately 100 jig/I, additions averaged only about 80 Jig/I.
Stream 2 additions were designed to approximate the situation where
nitrogen introductions are directly influenced by rainfall. Thus, in
this runoff-based experiment, the dispenser only added NaN03 solution
when 0.25 in (0.6 cm) per 24 hours or more of precipitation occurred.
Concentrations ranged from zero to 100 u9/l higher than background
nitrogen levels, depending on rainfall. The approximate average was 15
ug/1.

Sampling and Data Analysis Methods

Quantitative investigations were accomplished approximately monthly on
all three major biological components of the streams; plants (primarily
algae), invertebrates (primarily insects) and fish. Though done since
1965, these activities were intensified immediately prior to nitrogen
addition experiments. Techniques used in pertinent measurements of each
category have been presented in the three Weyerhaeuser interim reports
previously mentioned, and are briefly summarized in the following discussion.

Both plant and invertebrate benthos investigations have been based on a
circular core sampler with an area of 0.017 m2. Differential dry and ash-
free dry weights were used to determine both plant biomass and total
inorganics. Detrital constituents of the plant portion were estimated
by measurements of the phaeophytin content in benthic samples. Chlorophyll
A-specific plant standing crop determinations were also made on monthly
bottom samples. Though various methods of primary production (carbon
uptake/unit area/time measurements were considered, data elaborating pH
variations as aresult of C02 concentration changes proved to be the
most workable and precise in estimating photosynthesis (Edmondson and Winberg
1971). In addition to standing crop samples, plant and invertebrate
drift collections were made on a monthly basis.

Most biological data have been stored in the Weyerhaeuser Company computer,
and are usually elaborated on a mg ash-free dry wt/m2 basis for each
riffle in each stream. Drift estimates are made on either a mg or 1V9
ash-free dry wt/m3 basis. Fish standing crop and production data have

2primarily been presented as g wet wt/m.
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Calorimetry

The vast majority of the energy input and biological data presented in this
paper are in kcal per ma per year. Expressing most parameters in this
manner, instead of weights, has been done for two reasons. (1) Though
energy transfer can be followed in a gross way be examining biomass, the
characteristic dynamics of an ecosystem are much more accurately expressed
as actual units of energy; (2) as illustrated by the growing number of
ecological studies in which results are expressed as energy, biologists
have finally recognized the need for elaborating data in a way as universally
acceptable as possible (Cummins and Wuycheck 1971).

Collections of periphyton and invertebrates for calorific determinations
were made during five trips to the experimental streams: August and
September of 1974; and February, March and May of 1975. Specimens were
kept fresh until used=in the laboratory. The average time between
coliection`and'energy determination was 20 hours Ash-free dry weight
biomass was converted to'kilocalories based on determinations obtained
with a Parr No. 1411 semi-microbomb calorimeter. The methodology used
has best been illustrated in Cummins and Wuycheck (1971), though freeze-
drying techniques were not utilized.

Drift
The most difficult parameter to accurately assess during this study was
drift (export). Original monthly measurements of both plant and animal
downstream movements were accomplished in a very inconsistent way.
Nets, which sampled the entire water column, were used on only one
riffle at a time. Therefore, the amount of material coming from each
individual riffle (except for the one nearest the spring in each stream)
was unknown. It was not possible to monitor drift leaving the system
below the last riffle, divide by the total stream area, and obtain the
desired estimate. Far'too much drift and subsequent fish consumption or
recolonization activity was found to take place. Obviously, this type
of measurement would have been satisfactory if total export from the
system was in question. But these data would provide little basis for
the elucidation of drift (energy) reaching the fish living in pools
below each riffle.

To estimate downstream plant and animal movements, it was assumed that a
certain percent loss would occur between each successive riffle. For
example, on a certain date in stream 3, it would be estimated that 30
percent of the animal drift*leaving riffle I would reach riffle 2. None
of this material was estimated to reach riffle 3, but 30 percent of the
riffle 2 drift would. Various loss parameters were fitted with computer
pring-outs of drift for each stream. When these experimental percentages
generally represented the observed situation at each successive riffle,

i
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the figures were deemed reliable enough to be utilized. This procedure
had to be repeated for each sampling date at each stream, since percentages
sometimes varied to a great degree. Considerations also had to be made
of the standing crop of each taxa on each riffle, since different invertebrate
species exhibit characteristic drift tendencies. Fortunately, percentages

f twere most consistent for organisms comprising the bulk of the dri

(caddis flies and midges). Riffle length was sso fitted into caicuiatlo

Periphyton and invertebrate loss percentages always differed, since

plant material stayed suspended in the water column an average of 6+
percent further downstream than animal drift.

Data collected by Weyerhaeuser scientists were based on the amount of

drift that occurred during the day. In this paper, these figures have
been expanded to drift per 24 hours and eventuzlly per year. This

conversion has been made by assuming that drift occurs in relatively

equal proportions during the day and night. The assumption is supported
by two sets of data obtained at the experimental site. During August of
1969, no statistically significant differences occurred in the day-night
drift of abundant invertebrates in the water column. A March, 1975
experiment produced similar results. In summary, this trial found that
the percentage of four-hour drift that occurred at four periods was:
11:30-12:30, 30 percent; 5:30-6:30, 21 percent; 17:30-18:30, 23 percent;
and 23:30-0:30, 26 percent. Data were based on the weight of invertebrates
comprising 88 percent of the drift (caddis flies, midges, roundworms,
etc.).

Nets utilized in drift determinations had a mesh of 400 um. Therefore,
smaller plant and animal materials in the water column were probably not
adequately sampled. In September, 1974 and March, 1975, water sampled
from the lower portion of each riffle in each stream was filtered to
determine levels of fine particulate organic matter'(FPOM) in the drift. Each
filter used in the Millipore device had maximum openings of 3 um.
Collected materials were dried, then put in a muffle furnace. Thus,

estimates for this component of the drift were in a form comparable to
the rest of the downstream moving materials.

Emergence

Monthly standing crop samples not only elaborated data on immature
invertebrates, but emergence of the dominant insect group as well.
Chironomid pupae, as well as adults, were considered in emergence determinations.
Emergence estimates for all other insects came from adults and pupae
sampled from the drift. Conversions from ash-free dry weight to kilocalories
were made using data obtained from larvae. These estimates were considered
adequate, since the energy contained in a gram of larval insect averages
about the same as for an adult (Cummins and Wuycheck 1971). This is

because of the compensatory relationship between comparatively high
muscle contents (larvae) and high sex-organ contents (adults).
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Production

Production by fish and aquatic plants was estimated during the experimental
period by researchers at the Weyerhaeuser Company. Since only biomass
data originally were elaborated for Invertebrates, estimates of production
for this group had to be accomplished by the author. Two methods were
experimented with; (1) treating mean standin crop data with appropriate
annual turnover ratios (Waters 1969) and (2) loss-summation analysis
(actually two closely related techniques: Anderson and Hooper 1956;
Hynes and Coleman 1968). The first method necessitated a considerable
amount of literature Investigation, especially for the noninsect component
of the fauna, since comparatively little is known about copepod, ostracod,
roundworm, etc. turnover ratios. The second technique has already been
proven to be a generally efficient method of production estimation
(Waters and Crawford 1973), but is limited in that input must generally
be representative of univoltine taxa.

Trophic Relationships of Invertebrates

Cummins (1973) has classified aquatic insects into four main trophic
categories (functional groups). These are; shredders, collectors,
scrapers (grazers) and predators. Herbivorous organisms In each. group
generally function as described by the category name; that is, shredders
chew living tissue and detritus, collectors usually filter materials
from the water column, and grazers scrape algae and periphyton from the
substrate. These classifications have proved to be quite useful in
partitioning the role of each consumer group within a lotic ecosystem.

Since there is essentially no detrital. input into the experimental
streams, herbivorous insects function somewhat differently than classified
by Cummins. Basically, there are two herbivore groups; grazers and
collectors. Organisms in the former, category feed off the periphyton,
and although some shredding takes place, most activity is scraping in
nature. Collectors process fine particulate matter that comes directly
from the periphyton as well as fecal material, in the water column or on
the stream bottom. Non-insect herbivores have been classified by the
same method as just described. All Invertebrate-oriented data in energy
flow discussions have been expressed on a functional group basis. This
has been done both to make the study as comparable to other IBP research
as possible, and to adequately apportion the role of each group in the
ecosystem under investigation.

I
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RESULTS AND DISCUSSION

Energy Flow Components

In order to precisely model energy transfer in the experimental streams,

reliable estimates of solar radiation, production,. drift, respiration,

mortality, emergence, consumption and assimilation were needed for one
or more of the three groups comprising the ecosystem. Though direct

estimates of each component of the energy flow were generally not available,
sufficient determinations occurred to reach realistic conclusions.

In most of the following preliminary data analyses, specific emphasis

has been placed on the control stream (3). Procedures for treating the

other streams were essentially the same. Energy flow discussions which

occur for all three streams have primarily been based on 1973 data.

This has been done to eliminate changing (initial nitrogen additions;
1972) or incomplete (1974) input estimates. By utilizing 1973 data, it

Is hoped that any instability caused by nitrogen additions In streams i
and 2 will be elucidated.

Production by aquatic Plants

Data from the autotrophic portion of the ecosystem initially were expressed
as g of C uptake per m2 per day. Conversions to g of biomass per m2 per day
have been accomplished by assuming that one g of carbon is representative
of 2.22 g of plant tissue. This assumption that the plant is 45 percent
carbon not only has proved to be as accurate in estimation potential as
the P/Q balance expression (Odum. 1956), but much easier to use as well.

Transformations from biomass to energy have been made on the basis of
calorific determinations done onperiphyton collected, in August, 1974
and March, 1975. Determinations made during the two months have been
averaged, since differences were six percent or less. Resulting data
are, as kcal/g ashfree dry weight: stream I (primarily Z..gnema sp.),
4.881; stream 2 (Znemaa sp., mosses and filamentous diatoms), 4.902;

and stream 3 (Tribonema bombycinum and filamentous diatoms), 4.674.

Production by fish

Tissue elaboration by S. airdneri populations was initially expressed
in g of wet weight per mwpermonth. General conversions to dry weight have
been made by assuming that 80 percent of the fish Is water and volatile

substances. Though only an approximation, this conversion figure appears

to be realistic for the age, size and condition of most trout in the

experimental streams. Each unit of fish tissue has been expressed in
energy coefficients by using a factor of 5.350 kcal/g dry weight (Averett

1968; unpublished data from the Oak Creek Laboratory, Department of
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Fisheries and Wildlife, Oregon State University, Corvallis). This
figure has been converted to an ash-free basis using a dry weight:ash-
free dry weight conversion mean for salmonid fish tissue of 1.04 (Cummins
and Wuycheck 1971).

Production by Invertebrates: Turnover ratio

The use of turnover ratio data to estimate annual production of some
aquatic invertebrates has gained in credibility during the last decade.
Waters and Crawford (1969), Fisher and Likens (1973) and Speir (1975)
have either used turnover ratios to adequately estimate production, or
analyzed the potential usefulness of the conversion procedure. In this
study, the generally accepted cohort turnover ratio of 3.5 has been used
for all apparently univoltine invertebrates. Estimates for the remainder
of the invertebrate fauna have come from specific literature citations.
These are discussed subsequently. Turnover ratios used with each species
utilized in the energy transfer study appear in Tables 4 through 8.
These tables also contain calorific determinations, herbivore and/or
carnivore standing crop and production estimates, and classifications as
to functional consumer group for each taxon.

Ephemeroptera

Mayfly production estimates have been presented in Table 4. Representatives
of only two genera had more than one generation per year. Cinygma sp.
larvae almost certainly were bivoltine in all streams. The Baet s
tricaudatus situation was more complex. Data expressing length change
over time gave much more evidence of the species having two rather than
three or four generations per year.

The majority of the mayflies in the experimental streams were determined
to be collector type herbivores; the primary exceptions being Cinygma
sp. and Ciny mula sp. Larvae of E hemerella coloradensis were the
dominant mayfly carnivores. Of the total mayfly biomass, about 77
percent was composed of tissue from this species. Approximately 93
percent of the production of the family was herbivore, 7 percent carnivore.
On the average, production by mayfly larvae accounted for 1.4 percent of
the herbivore total and 1,7 percent of the carnivore total for all
streams in 1973.

Plecoptera

As far as could be determined, all common stone flies in the streams were
univoltine (Table 5). Except for Peltoperla spp., larvae of all species
functioned primarily as collectors. Nemoura californica, Paracapnia
oswe aptera and Arcynopteryx subtruncata were the dominant spa of
this family in 1972-197, accounting for about 70 percent of the standing



kcal/g ash-free dry wt), turnover
ratio.(TR), mean biomass (B),

Table 4. Energy content (EC;

annual production (P), functional group classification (FG) and percent total biomass

(Z) of principal mayflies in stream 3, 1973. Species have been arranIedaccording to

Weyerhaeuser computer print-outs. All B and P data are in kcal per m

Species

Bph ereiia coZoradensis

H. inernris
Ephemeralla sp. #1

Cinygma sp.

Cinygmuia sp.

ParaZePtoPhiebia debilia

Ameietus sp.

Baetis tricaudatua
Total Biomass (Mean)

Total Production

EC TR B B
P B P FG %

Herbivore Carnivore

5 117 3.5 1.617 1.474 5.158 0.143 0.502 Coil. 77.0

.

015 0560
- Coll. 0.8

5.117 3.5 0.015 0. .

0.092 Coll. 1.3
5.117 3.5 0.026 0.026

0670 - .Graz 0.5
4.804 .7.0 0.010 0.010

4

.

0860 - - Graz. 1.1

4.804* 3.5 0.024 0.02 .

06 0210 Coll 5.3
5.220* 3.5 0.115 0.109 0.381 0.0 .

..

.

Coll
3.8

5.057* 3.5 0.081 0.081 0.283
llC 10.2

4.938* 7.0 0.207 0.202 1.417 0.005 0.034 .o

095 9411 0.154
2. .

55707.540 .

*calorific determination made on this species.



Table 5. Energy content (EC; kcal/g ash-free dry wt), turnover ratio (TR), mean biomass (B),
annual production (P), functional group classification (FG) and percent total biomass
(%) of principal stoneflies in stream 3, 1973. Species have been arranged according to
Weyerhaeuser computer print-outs. All B and P data are in kcal per m2 per year.

Species EC TR B B P B P FG %

Herbivore Carnivore

Nemoura cinctipes 4.722 3.5 0.123 0.123 0.430 - - Coll. 5,.,3

N. californica 4.722* 3.5 0.312 0.312 1.091 - - Coll. 13.2
Capnia spp 4.909 3.5 0.241 0.241 0.844 - - Coll. 9.8
Paracapnia oswegaptera 4.909* 3.5 0.913 0.913 3.196 - - Coll. 37.5
Archynopteryx subtruncata 5.094* 3.5 0.423 0.224 0.784 0.199 0.693 Coil. 16.6
Isogenus nonus 5.156 3.5 0.176 0.047 0.165 0.129 0.453 Coil. 6.8
AZZoperia spp. 5.156* 3.5 0.082 0.041 0.144 0.041 0.144 Coil. 3.5
PeZtoperZa spp. 5.001* 3.5 0.040 0.040 0.140 - - Graz. 1.7
IsoperZa spp. 5.156 3.5 0.144 0.031 0.108 0.113 0.397 Coll. 5.6

Total Biomass (Mean) 2.454 1.972 0.482

Total Production 6.902 1.787

*Calorific determination made on this species.



Table 6. Energy content (EC; kcal/g ash-free dry wt), turnover ratio (TR), mean biomass (B),

annual production (P), functional group classification (FG) and percent total biomass

(%) of principal caddis flies in stream 3, 1973. Species have been arranged according

to Weyerhaeuser computer print-outs. All B and P data are in kcal per m2 per year.

Species EC TR B B P

Herbivore

B P

Carnivore

FG %

Rhyacophila arnaudi 4.993* 3.5 1.683 0.100 0.350 1.583 5.542 Coll. 23.6

R. vaccua 4.993 7.0 0.040 0.040 0.280 Coll. 0.6

R. vaefes 4.993 3.5 0.035 0.015 0.053 0.020 0.070 Coll. 0.5

R. vagrita 4.993 3.5 0.205 0.026 0.090 0.179 0.627 Coll. 2.9

R. narvae 4.993 3.5 1.822 0.165 0.578 1.657 5.800 Coil. 25.7

R. verruZa 4.993 3.5 1.927 1.887 6.605 0.040 0.140 Graz. 27.1

Limnephilidae 5.502* 3.5 1.139 1.139 3.987 Graz. 14.5

R. grandis 4.993 3.5 0.359 0.034 0.119 0.325 1.138 Coll. 5.1

Total Biomass (Mean) 7.210 3.366 3.844

Total Production 11.782 13.597

*Calorific determination made on this species (taxon).



Table 7. Energy content (EC; kcal/g ash-free dry wt), turnover ratio (TR), mean biomass (B),
annual production (P), functional group classification (FG) and percent total biomass
(x) of principal true flies in stream 3, 1973. Species have been arranged according
to Weyerhaeuser computer print-outs. All B and P data are in kcal per m2 per year.

Taxon EC TR B P B

Herbivore Carnivore

P FG %

Anthomyiidae 5.291* 3.5 0.709 0.038 0.133 0.671 2.349 Coll. 1.5
Antocha sp. 5.519* 3.5 0.204 0.188 0.658 0.016 0.056 Coil. 0.4
Chironomidae 5.213* 7.0 46.747 46.747 325.318 Graz. 96.5
Dicranota sp. 5.519 7.0 0.221 0.132 0.924 0.089 0.623 Coll. 0.4
Misc. Diptera 5.291 3.5 0.191 0.133 0.466 0.058 0.203 Coll. 0.4
Simuliidae 5.106* 3.5 0.393 0.393 1.376 Coll. 0.8

Total Biomass (Mean) 48.192 47.358 0.834

Total Production 328.875 3.231 NW

*Calorific determination made on this taxon.



Table 8. Energy content (EC; kcal/g ash-free dry wt), turnover ratio (TR), mean biomass (B),
annual production (P), functional group classification (FG) and percent total biomass
(X) of principal miscellaneous invertebrates in stream 3, 1973. Species (taxa) have
been arranged according to Weyerhaeuser computer print-outs. All B and P data are
in kcal per m2 per year.

Taxon or
Group -EC TR B

Herbivore
B P

Carnivore
$ P FG Z

Clams 4.411 4.9 0.084 0.084 0.412 - - Coll. 0.3

Colleabola 6.063* 3.5 0.085 - - - - - 0.2

Copepods 4.816* 4.8 0.486 0.485 2.333 - - Coll. 1.6

Polycelie spp. 5.436* 2.0 6.659 1.663 3.326 4.995 9.990 Coll. 19.7

Oligochaeta 4.781* 6.7 18.044 18.044 120.895 - - Coll. 60.6

Ostracoda 4.635* 4.8 2.183 2.183 10.478 - - Coil. 7.6

Nematodes 4.781 6.7 1.253 0.248 1.662 1.005 6.733 Coll. 4.2

Gastropods 4.411* 4.9 1.526 1.526 7.477 - - Gr.-Col. 5.6

Hydrachnidae 5.794t 3.5 0.087 <0.001 <0.001 0.087 0.305 - 0.2

Total Biomass (Mean) 30.322 24.235 6.087

Total Production 146.583 17.028

*Calorific determination made on this taxon.

tCalorific determination from Cummins and Wuycheck (1971).
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crop. Approximately 80 percent of all stonefly production was by herbivores,
20 percent by carnivores. Of the total invertebrate production in all
streams during 1973, 1.4 percent was elaborated by stonefly herbivores,
5.2 percent by stonefly carnivores.

Trichoptera

Two caddis fly species may have produced more than one generation per
year during the study (Table 6). Rhyancophila verrula length change
over time data suggest that this species was proba lay univoltine, but
had a certain proportion of its larvae out of synchrony with the rest of
the cohort. R. vaccua definitely was a bivoltine species.

Of the four dominant insect families in the streams, the caddisflies had
the greatest proportion of carnivores. Over 53 percent of the production
of this group came from predaceous forms. Except for R. verrula and
limnephilids, the intake of plant materials was accomplished"byollecting
rather than grazing. Production contribution by this family to the
invertebrate total averaged 2.4 percent (herbivore) and 29.1 percent
(carnivore).

Diptera

The Diptera, as well as the entire invertebrate fauna, was dominated by
the Chironomidae during the study (Table 7). Larvae of this family
almost certainly function as the primary grazer organisms in all three
streams. At least 13 species of chironomids are present, but none are
definitely known. No firm assessment could be made as to the number of
generations per year each species or the group as a whole had. Certainly,
most of the 13 had two or more generations per year. Annual turnover
ratios for chironomids range from 2.7 to 15.0 (Anderson and Hooper
1956; Teal 1957; Waters 1969; Kimerle and Anderson 1971). For species
closely akin to those of the experimental streams, a mean ratio of Just
over seven was calculated by the author. This estimate was almost
identical to the bivoltine figure used for other taxa, so it was slightly
reduced (to 7.0) for chironomid production calculations.

The remainder of the Diptera have been classified as collectors (Table
7). Dicranota sp. was the only bivoltine taxon during the study.
About 99`t of all true-fly production was by herbivores from 1972
to 1974. Of the total production in all streams, 65.5 percent was by
the dipteran herbivore component, 10.0 percent by the carnivore.

Miscellaneous invertebrates

Production characteristics of the miscellaneous taxa found in the
experimental streams have been presented in Table 8.
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Clams: . Fresh-water clams were uncommon in the streams from 1972 to

1974. Since no quantitative-data on the group could be located in the
literature, it was assumed that shell weight, energy content and turnover
ratio parameters were the same as for gastropods. These characteristics
are discussed in detail with the snails.

Collembola: Springtails are insects, and probably not truly aquatic.

Since their biomass levels occasionally become high in the drift, they

have been considered in all energy-based treatments. Production estimates
have not been made because nutritional needs are likely fulfilled in the

terrestrial environment.

CCooppepodda Copepods are almost certainly collectors of suspended fine
particulate matter. Life cycles of lotic forms are often similar to
those of cladocerans (Edmondson 1955). Stross et al. (1961) have
found that annual production in planktonic crustaceaTprimerily Da hnia

spp.) averages 4.8 times mean biomass. This figure has been used
copepod-production estimation in the current study.

Turbellaria: Flatworms of the genus Polycelis occasionally are very
abundant in the streams. These organisms apparently feed off of the

dead plant and animal material that accumulates on the stream bottom.
Data expressing body length change over time suggests these are slow
growing forms. This conclusion generally agrees with the findings of
Reynoldson et al. (1965). These workers have determined that Polycells
spp..maturation _normally takes approximately 650 days at temperatures
similar to those of the experimental streams. Leeches, which have life
cycles at. least superficially similar to flatworms, have turnover ratios
ranging from 3.0 to 3.3 (Learner and Potter 1974). Converting these
data to an annual basis for the Turbellaria, a figure of 2.0 is produced.
This estimate is indeed reasonable for production calculation, considering
the low potential these organisms have for adding biomass.

Flatworms are unique in that they secrets mucus in order to facilitate
movement over substrates. Teal (1957) estimated that approximately 44

percent of the production of Pha ocata raciiis was lost due to secretory
processes. This energy proportion been estimated to be lost to
other consumers in the experimental streams, since mucus quickly becomes
suspended in the water and is exported from the system.

Oli och'eeta: Little is known of the possibly three species of herbivorous
roundworms present in the experimental streams. The great majority of

oilgocheets are tubificids, and likely collect debris from the stream
bottom for food. Turnover ratios for aquatic roundworms range from 5.5

to 9.3 (Teal 1957; Erman and Erman 1975). The most representative
average is 6.7. Oligochaete standing crops in the streams are second

only to chironomids. In 1973, the production contributed by roundworms
averaged approximately 60 percent of all miscellaneous taxa, and 24
percent of the total for all herbivores.
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Ostracoda: These clam-like crustaceans feed on the fine particulate
organic matter that is either suspended in the water column or has
accumulated on substrates. Generally, only one major peak of immature
activity occurs in each stream, indicating these invertebrates are
univoltine. The population dynamics may be very similar to planktonic
crustacea (Stross et al., 1961). Thus, annual production/mean biomass
has been estimated to be 4.8 (see Copepoda).

Since ostracods are bivalved invertebrates, a considerable proportion
of their weight is taken up in shell. This "live" biomass: "dead"
biomass relationship is necessary to know, since ostracod weights have
been expressed on print-outs as total shell plus tissue biomass. As
with snails, the shell weight has not been used in calorific conversions,
since the small amount of energy tied up in the structural material is
essentially lost to subsequent consumer levels. Weighings accomplished
as part of the calorific determinations showed that, on the average, 42
percent of the total ostracod biomass is shell.

Nematoda: These rather uncommon roundworms are classified as primarily
carnivores. Since life cycles of non-parasitic, aquatic nematodes are
unknown at present, estimates on this group have been based on herbivorous
forms (see Oligochaeta).

Gastropoda: Snails probably function as both grazers and collectors in
the experimental streams. No evidence has been found to indicate G raulus
spp. individuals have more than one generation per year. For populations
of Limnaea palustris with generation times of over 420 days, Hunter
(1975) calculated turnover ratios of from 5.6 to 5.8. For the annual
experimental stream data, these figures convert to a mean of 4.9.

As with ostracods, energy contained in snail shells was considered to be
lost from the system. Though not estimated, kilocalorie values for
Gyraulus spp. shells was very low. On the average, 76.7 percent of the
weight of snails was taken up by these protective enclosures.

Hydrachnidae: Water mites are rare in the experimental streams, and
account for less than 0.1 percent of the biomass of all carnivores.
Krantz (personal communication 1975: Department of Entomology, Oregon
State University, Corvallis) suggests that most water mites are univoltine.
Thus, a turnover ratio of 3.5 has been used for production calculations.

Production by invertebrates: The Hynes-Coleman technique

The Hamilton (1969) modification of the Hynes-Coleman (1968) method of
production calculation has a great deal of potential in estimating
community tissue elaboration. Unfortunately, the technique gives acceptable
results usually when utilized with univoltine-based input data. To test
the potential of using the method for analyzing most of the experimental
stream benthos data, chironomid size group and density estimates from
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stream 3 in 1973 were. fitted into the structural framework. in each of
the five test runs, gross overestimates were produced. The Hynes-
Coleman based production determination that came closest to the turnover
ratio method mean still was 171 percent in excess.

Experiments of a more practical nature were accomplished when the
Hynes-Coleman technique was coupled in two ways with univoltine data of
mayflies, stoneflies, caddisfiles and true flies from stream 3. Length,
standing crop and mean weight data averaged between 1972 and 1973 had
to be used, since too much variability existed in estimates obtained
during the latter year alone. Conversions to kilocalorles were made
according to the species composition of the input estimates. The more
simplistic method of production calculation (removal-summation: Anderson
and Hooper 1956; Waters and Crawford 1973) was also.tried on the
idealized inputs.

As data in Table 9 illustrate, the three pooled methods exceeded the
turnover ratio-based production determination by an average of 22 percent.
Differences were not consistently minimal enough between the three to
indicate that they were any more accurate than the turnover ratio method
in estimation potential though. The weight-based Hynes-Coleman technique
has the potential of being the most realistic of all for production
determination. This is because it is based less on conversions (turnover
ratio; length to weight) and more on sound biological concept (constant
recruitment) than the other three. This method has not been used for
energy flow input instead of the turnover ratio technique for two reasons.
(1) The use of only one production calculation method will keep estimates
on a par with one another. (2) The 1972-1974 univoltine insect component
of each stream accounted for only about 14 percent of the standing crop
of all invertebrates.

Attempts to derive realistic cohort growth and average biomass data from
standing crop and mean weight estimates on computer print-outs were
unsuccessful. Thus, the possibility of calculating production by the
potentially accurate instantaneous growth method (Ricker, 1946;1968)
was not realized. As with at least one of the other methods tried, this
one (instantaneous growth) probably failed because of the amount of
sample splitting that was accomplished during the study. Density information
was often based on 1/4, 1/8, 1/16 or even 1/32 of a sample. Thus,, there
was a real potential for monthly standing crop data to be over or underestimat
This type of error is usually very damaging to any calculations based on
population changes with time. Techniques based on averages (turnover
ratios) or size classes (Hynes-Coleman, in part) are not affected as
much, due to the compensatory nature of random over or underestimates.



29

Respiration

Oxygen consumption values used for plant and animal respiration have
been derived from the literature and from research currently being
accomplished at Oregon State University. Respiration of the photosynthetic
component of the periphyton has been estimated to average 780 p1
02 per mg per hour at approximately 6° C (calculated from the data of Gessner
(1959), Pannier (1960), Whitford and Schumacher (1961 1964), and McIntire
(1966)).

For grazing and collecting invertebrates, this average value is 1.076 Ill
02 per mg per hour at temperatures ranging from 4° C to 7° C (Marshall
1935; Collardeau 1961; Moshiri and Cummins 1969; Cummins et al.,
1973; Grafius 1974). The low-temperature invertebrate carnivore mean
of 1.863 u1 02 per mg per hour comes from Collardeau (1961), Knight and Gaufin
(1963, 1966) and Peterson (1974).

Comparatively little relevant trout respiration data have been located.
Judging from the research of Averett (1968) and Kutty (1968), an approximate
6°C average may be 0.400 pi 02 per mg per hour.

Oxygen uptake for all organisms has been converted to kiiocalories by
assuming a_mean RQ of 0.185. This is equivalent to an expenditure of
4.863 x 10-6 kcal/pl 02 consumed. An RQ of 0.85 assumes
that half of the 02 is consumed by fat (lipid), and half by carbohydrate.
Little consumption is associated with protein. This 0.85 value is
certainly realistic for plants and animals, and has been experimented
with to test its stability potential for respiration determinations.
For example, estimates at both ends of the normal range (25 percent
carbohydrate: 75 percent fat; RQ = 0.78, 75 percent carbohydrate: 25
percent fat; RQ = 0.93) were fitted with both plant and animal respiration
figures. On the average, elaborated annual data were only 7 percent
different than estimates calculated with the 0.85 figure.

Energy Flow in the Experimental Streams

Basic Assumptions

Energy transfer diagrams for streams 1, 2 and 3 during 1973 appear in
Figures 2, 3, 4, and 5 respectively. Before more critical discussions
begin, four basic assumptions utilized in each figure should be covered.

I. The amount of plant material stored per each stream has been estimated
to be 15 percent of the average standing crop. This figure has
evolved from observations by researchers both from the Weyerhaeuser
Company and Oregon State University, and is likely a minor overestimate.
Much of the plant material that is left following the active primary
production period of a year is dead or decaying. Thus, even though



30

Table 9. Comparison of annual production (kcal/m2) for Ephemerop-
tera (Eph), Plecoptera (Pie), Trichoptera (Tri), and biptera

(Dip) larvae using four estimation techniques. Input data
are averaged between 1972 and 1973.

Technique Eph Pie Tri Dip

Turnover Ra;to
(TR x B)

6.9 8.3 19.3 51

Hynes-Coleman
(length, density) 9.1 10.5 24.6 6.6

Hynes-Coleman
(length, density, 7.5 9.1 23.0 6.2

x wt.)

Removal-Summation 8.3
(density, x wt.) 11.9 15.2 29.5
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Basic Explanation of Terms and Values in Figures 2, 3, 4, and 5"

All values are in kcal/m2 of average stream bottom area per year.
In the top left portion of grazer (Graz.), collector (Coll.), Invertebrate
predator (Inv. Pred.) and fish boxes are consumption estimates. Values
for assimilation and production are in the bottom left and mid-right por-
tion of consumer boxes. The relative dimension of the boundary of each
pathway is for convenience only and does not infer specific relationships.
Primary P/R (production/respiration) represents the photosynthetic portion
of the periphyton only. In Figures 2, 3, and 4, microorganism boxes are
indicative of relative input by energy from the previous. year. In Figure
5, specific estimates of energy from the previous year, and fecal utiliza-
tion and loss have been incorporated.
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substantial amounts of periphyton are present, the actual proportion

of healthy, high-energy tissue is likely quite low.

2. The amount of dead or unhealthy periphyton material utilized by

microorganisms has been estimated by taking into account losses by
export, consumption and storage. As discussed. later, export and

consumption have been adequately determined in all streams. Thus,

the factor that has the most potential effect on the periphyton

decomposition is storage. The relationship between.these two
characteristics is likely intimate in the natural environment,
since material being stored eventually dies and is decomposed by
bacteria and fungi. Unfortunately, there has been no reasearch to
adequately apportion, the relationship one has with the other. The

degree of dominance decomposition processes have over accumulation
may be as drastic as indicated on. all four energy transfer figures.

All streams have been operating with few external changes for about

eight years. Since discharges are extremely even, periphyton mats
remain in place for long periods of time. Thus, the microbial
component of the flora has had ideal conditions under which to
flourish.

3. Consumption by herbivores and carnivores has been estimated from
determinations in the literature and from research accomplished at
Oregon State University. Mean efficiencies used for converting
assimilation to consumption (with published references) are:
grazer, 48 percent (Richman 1958; Moshiri 1968, Cummins et al.
1973); collector, 25 percent (Trama 1957, Cummins et al. 7973.

McCollough 1975); invertebrate carnivore, 79 percent(Davis and

Warren 1965, Peterson 1974); and fish, 81 percent (Davis and
Warren 1965, Wurtsbaugh 1973). Though some of these estimates
have been completed from waters warmer than found in the experimental
streams, data of Davis and Warren (1965) and Peterson (1974) suggest
temperature influence on.consumption and assimilation to be minimal.

4. Determinations of fish losses have been made by Weyerhaeuser Company

scientists. Invertebrate mortality has been estimated by taking

into account losses from production due to drift and emergence.

Subtractive determinations had to be made since life cycles of the

most important invertebrates are too complex for accurate estimations
of mortality. Using data of univoltine mayflies, stoneflies and
caddisflies, in which losses could be accurately estimated, calculations
were made comparing the two methods of mortality determination. Of

five comparisons made, the mean difference in'estimates was 8.8
percent (range of 5.1 percent - 13.0 percent). Although the

univoltine species used represented only about 15 percent of the

invertebrate standing crop, the closeness of estimates indicated
mortality was reasonably determined by subtractive methods. It has
been assumed that all losses due to mortality are eventually accounted
for by microorganism utilization and subsequent respiration.
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Energy flow: A simplistic view

Community respiration estimates calculated by researchers of the Weyerhaeuser
Company have consistently been very high. There is a distinct possibility
that these determinations are in error. Before examining this aspect of
the community therefore, energy transfer will be discussed without using
these questionable figures. This will lay the foundation upon which the
validity of the excessive values can be judged.

Initially, it was theorized that some differences in energy transfer
would be evident between the nitrogen enriched streams and the control
in 1973. This assumption was based on post-addition periphyton changes
in streams I and 2 during mid-late 1972. In actuality, biological
characteristics of the three streams have been found to be remarkably
similar. Thus, the three will be discussed on a par with one another in
subsequent treatments.

Primary production

Solar illumination reaching the photosynthetic portion of the community,

in each stream is likely very similar. Data taken from the pyrheliometer
at the experimental facility has been converted to energy in the 3800-
7200 angstrom range. This 44 percent of the total energy input is the
most useable portion for the photosynthetic process (Strickland 1957).
On the average, 0.9 percent of the radiation income was found to be
stored by photosynthesis during 1973. This value agrees closely with
the 0.5 percent - 1.0 percent figure characteristic of most plants
(Devlin and Barker 1971).

Periphyton production/respiration (P/R) ratios averaged 4.2 in 1973.
The stream I value (Figure 2) likely resulted from the comparatively low
amount of production in relation to biomass that occurred. Obviously,
if periphyton (algae, mosses) respiration values were wrong, the amount
of net primary production would also be misrepresented in all four
figures. As discussed in the Methods section, estimates of algal respiration
came from many sources. Since the workers cited used identical or very
similar species to those in the experimental streams (Oedogonium spp.,
Spirogyra spp., Melosira spp., S edra spp., etc.), and obtained estimates

m the lotic situation, determinations have been considered to be
realistic.

Drift and export

In this discussion, the term drift will be used to describe plant and
animal material suspended in the water column. Export will refer to the
complete loss from the system of plant and animal energy by drift. This
is a necessary distinction to make, since much of the material drifting
is in a form ideal for utilization by invertebrate collectors. Thus,
some of the animal and plant energy apparently destined to be lost by
drift will be used within the system.
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t
Drift and export estimates include not only large pieces of plant material
(>400 microns),-but fine particulate organic matter (FROM) as well (>3
microns). In any lotic system, a certain percentage of the FPOM will
come directly from the plant standing crop, and the remainder from
animal feces. Unfortunately, there is no adequate way to separate the
two FPOM components from one another. In the experimental streams
(Figures 2, 3, 4 and 5), it has been assumed that the relationship is
50:50. This is a higher proportion of periphyton material than probably
occurs in most streams, but due to the dominant autotrophic nature of
the experimental streams, the figure may be representative. The 50
percent of the FROM estimated to come from fecal production has Initially
not been included in the export totals. Thus, the periphyton production:
export relationship can be observed in its simplest form. Discussions
of the fecal portion of the FPOM appear with invertebrate collectors..

Annual periphyton export averaged 35.7 percent (range of 31.9 percent -
38.6 percent) of net primary production in 1973 (Figures 2, 3 and 4).
Mean standing crop reductions were 2.1 percent (range of 1.17 percent -
2.5 percent) per day. Using data from critical filterings accomplished
on water from all riffles In each stream during 1974 and 1975, some
assumptions can be made about the year of primary interest (1973). On

the average, only about six percent of the 1973 plant export was in the
form of periphyton FPOM. Yet, over 14 percent of this fine material was
in the drift upstream. This difference may illustrate the degree to
which drifting FPOM is utilized by collectors, since stream velocities
appear sufficient 'to eliminate a generally equal proportion of coarse
and fine material once suspended. Relationships between large and small
particulate components of the drift should be considered tentative,
since filterings sensitive enough to elaborate meaningful data have only
been accomplished twice.

Periphyton mortality and decomposition

Daily losses to the periphyton standing crop by mortality averaged 2.5
percent (range of 1.7 percent - 2.9 percent) during 1973. Of annual.'net
primary production, mortality accounted for 40.7 percent (range; of 38.4
percent - 43.3 percent). As previously mentioned, the relationship
between periphyton.,storage and mortality had to be generally estimated.
To visualize the magnitude of potential variations in the latter characteristic
manipulations of storage determinations were made. Even assuming that
the amount of accumulated plant material was twice that estimated,
mortality would have averaged only 3.4 percent less. Thus, from the
standpoint of the most influential factor, mortality had little potential
for large-scale change.

Invertebrate grazers

Discussions of this consumer component are mainly about chironomids,
since this insect group accounted for about 95 percent of the total
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production by grazers in 1973. Grazer consumption averaged 22.8 percent
(range of 22.1 percent - 24.2 percent) of the periphyton net primary
production annually. The closeness of the primary production:consumption
relationship (as shown by range data) is remarkable, considering both
estimates were calculated independently.

As mentioned earlier, consumption was estimated from assimilation by
utilizing published efficiency data. Assimilation, in turn, was derived
by adding production and respiration. To test if these characteristics
were estimated realistically, comparisons with data of Trama (1957) were
made. Using Stenonema pulchelium, this author calculated respiration,
production and egestion percentages of consumption to be 38.6, 14.5 and
46.9 respectively. For grazers in all three streams in 1973, these
figures were 27.7 percent, 21.5 percent and 50.8 percent Though not
exactly in agreement, the two sets of data certainly are close. The
major difference between Trama's estimate and that of the current study
(respiration) likely is related to temperature effects on maintenance
costs (Cummins et al. 1973).

Grazer growth rates averaged 0.018 kcal per kcal per day (1.8 percent/day) In
each stream during 1973. In calculating these estimates, It was assumed
that growth and mortality occurred evenly throughout the cohort life of
each species. This situation obviously never happens with benthic
invertebrates, yet the assumption may be valid. Chironomids were the
dominant grazers, and since a great deal of overlapping occurred in life
cycles of this family, the overall effect throughout the year was a
fairly uniform rate of tissue elaboration and loss. The average grazer
growth rate was within five percent of similar benthic insects like
E hemerella subvaria (Waters and Crawford 1973) and Hexagenia spp.
(Hudson and Swanson 1972).

Grazer emergence in 1973 averaged 11.1 percent (range of 11.0 percent -
11.2 percent) of production in the three streams. The relative accuracy
of production and emergence estimates may be examined by comparisons
with data in the literature. The production/emergence (P/E) ratio for
chironomids in all streams during 1973 averaged 9.1. For Anatopynia
dyaart_, the data of Teal (1957) produces a P/E figure-of 9.6. The ratio
for univoitine grazers was 5.1. Using four black fly species, Speir and
Anderson (1974) obtained a mean value of 4.6.

Annual losses from production by drift averaged 19.7 percent (range of
15.6 percent - 24.6 percent) during 1973. Mean losses to the standing
crop were 0.4 percent (range of 0.3 percent - 0.5 percent) per day.
These data suggest that downstream movements by grazers in the experimental
streams are comparatively high. Estimates of drift exceeded those found
for other lotic communities by an average of 13 percent (Bishop and
Hynes 1969, Waters 1972, Speir 1974). Since crowding conditions are
rarely observed in the streams, high drift rates may be the result of
behavioral response to external factors such as light. This may be
especially true for chironomids, which show little tendency to drift in
a diel periodicity (Elliott 1967).
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Invertebrate. collectors

Approximately 75 percent of all collector production was by oligochaetes.
The other major contributor to the collector tissue elaboration was
ostracods (6.5 percent). Collector consumption exceeded that of grazers
by a slight margin in all streams during 1973. This was expected, since
members of the group not only feed off the periphyton FPOM,_ but all
available fecal material from grazers, invertebrate carnivores and fish.
Considerable amounts of fecal material were likely available to collectors.
For example, if all non-assimilated plant tissue ingested by grazers
passed to the next trophic level, this energy would average in excess of
850 kcal per m2 per year. Recycling of FPOM also certainly takes place within
the collector group. In addition to its utilization by collectors,
fecal material produced by invertebrates and fish may follow one of two
other pathways. Either the FPOM is exported, or it settles in pools to
be decomposed by microorganisms. Both pathways are usually involved
with considerably less energy than the primary route (collector utilization).

Respiration and production percentages of consumption for invertebrate
collectors were 15.8 and 9.2 respectively. These figures reflect the
generally low assimilation efficiency that most members of the group
have. Assumptions for growth calculations for collectors were the same
as for grazers (uniform tissue elaboration and mortality), and probably
just as valid. In 1973, growth rates averaged 0.015 kcal per kcal per day
(range of 0.01.4-0.016 kcal/kcal./day). Compared to another collector,.
Baetis bicaudatus, this mean is only two percent high (Pearson and
Kramer 1972).

Collector emergence was very low, averaging but 2.8 percent of total
production. This was due to the dominance of non-insect forms in the
group, especially the roundworms. For the insect component, the P/E
ratio was 5.2. This is very close to the 4.6 figure calculated for four
collector species (black flies) by Speir and Anderson (1974).

Collector drift was considerably higher than for grazers, averaging 39.3
percent (range of 33.9 percent - 48.5 percent) of production per year
and 0.6 percent (range of 0.5 percent - 0.8 percent) of mean standing
crop per day. This was probably because a great proportion of the
collector group (copepods, ostracods, oligochaetes) do not have an
efficient method of holding on to substrates. Drift by collector insects
averaged only 12.1, percent of production per year and 0.3 percent of
standing crop per day.

Invertebrate carnivores

Production by this group was dominated by Rh aco hila arnaudi and R.
narvae (31.4 percent), flatworms (27.4 percent), and nematodes (18.7
percent) during 1972. Contribution to the total by these three groups
was 77.5 percent. Compared to the amount of grazer and collector production
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apparently available, invertebrate carnivore consumption was low (Figures
2, 3, 4 and 5). This was because the amount of tissue elaborated by
both herbivorous groups was extremely high compared to mean biomass
(turnover ratios of seven or more). Thus, on an individual basis,
comparatively few of these invertebrates were ever available for carnivore
consumption, even though a great deal of production was taking place.

The amount of invertebrate carnivore consumption utilized for respiration
and production averaged 49.6 percent and 29.0 percent, respectively, in
1973. These figures are substantially higher than for grazers or collectors.
This i.s probably related to the very high assimilation efficiencies that
characterize most carnivore. species. The.excessive loss of energy
through respiration reflects the high degree of.activity predators have
in order to find food. Invertebrate carnivore growth averaged 0.010 kcal per
kcal per day (1.0 percent/day) in each stream during 1973. These
values are 10 percent - 15 percent lower than for other.invertebrates
(Peterson 1974), probably because of the low temperatures under which
carnivores in the experimental streams had to develop.

Emergence of invertebrate carnivores averaged 10.6 percent of'production
in 1973.' This figure is higher than for collectors, since insects
represented a greater proportion of the carnivore standing crop. Using
only insects, the average 1973 P/E ratio was 4..2. This high. proportion
of emergence probably resulted from low mortality and drift rates involving
larger carnivore individuals (Speir 1975).

Carnivore drift was the lowest of all invertebrate groups, averaging
17.8 percent (range of 9.4 percent - 32.1 percent) of production annually
and 0.2 percent (range of 0.1. percent - 0.3 percent) of.mean standing
crop per day. Low rates were probably the result of the tendency for
.comparatively large-bodied carnivore individuals to resist current
influences (Hynes -1972).

Fish

Rainbow trout, as with most other stream-dwelling salmonlds,,feed primarily
on invertebrates in the water column. Occasional migrations may take
place from pools to riffles, but these trips are generally not related
to food acquisition. The terrestrial contribution to the trout diet
averages approximately 8 percent in the experimental streams. This
portion has been roughly estimated in Figures 2, 5, 4 and 5 by assuming
that two percent of the total emergence of each invertebrate group is
lost due to re-introduction into the water. The use of data expressing
the total number of pupae and adults captured in the drift was deemed
unrealistic, since most of the adults would probably have emerged successfully
if not sampled. Thus, in all energy transfer diagrams, fish are shown
as receiving their entire nutritive portion from the drift.

Assuming drift data to be correct, an average of 41 percent of invertebrates
in the water column were not utilized by fish. This large proportion
may be realistic, when it is considered that some (perhaps all) stream-
inhabiting trout and salmon are selective in the way they feed (Aho
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persona,l communication, 1975: Department of Fisheries and Wildlife,
Oregon State University, Corvallis). This behavior may best be illustrated
by comparing percentages of invertebrates in'the drift and in fish
stomachs (Table 10). Two main differences are evident in the comparative
data listed: (1) A greater proportion of the Trichoptera was consumed

by trout than was found in the drift, and (2) far fewer available drifting`

miscellaneous organisms (copepods, ostracods, oligochaetes) ever were
eaten by fish.

Both Inconsistencies in Table 10 are primarily related to preferences by
fish for food of a certain size. Though averaging only 15 percent of
the drift, caddisflies were usually the largest organisms in the water
column. Thus, since fish apparently preferred bigger invertebrates for
food, more Trichoptera were consumed. Caddisflies were also the most
abundant organisms in pools, where feeding by fish was facilitated when
drift sources became low.

Miscellaneous invertebrates were consistently the smallest animals in
the drift throughout the year. Since more preferable organisms were
usually abundant in the water column, little consumption of freshwater
crustaceans, gastropods and worms took place.

Fish selectivity may be further examined by comparisons as in Table 10,
though on an average weight per individual basis. Insects found in
trout stomachs averaged 1.206 mg (range of 0.019 mg 29.404 mg). In

the drift, these figures were 0.531 mg (range of 0.023 mg - 17.284 mg).
Weights of individuals in the miscellaneous category have not been
included in these data, since computer print-outs combined larger forms
that rarely drifted with smaller invertebrates which made up the greater
proportion of the group in the water column. The average weight of the
more abundant miscellaneous invertebrates in the drift was estimated to
be 0.119 mg.

In order to experimentally estimate the amount of drift apparently
suitable for fish, calculations based on the mid 90 percent weight range
of invertebrates consumed by trout were made. The 90 percent figure was
found to best exclude unusually high or low weights. Determinations of
expected drift were made by integrating the 90 percent figure with
monthly length (weight) change over time histograms of invertebrate
standing crop, and assuming the same biomass proportions continued in
downstream movements as with the normally observed weight range. In

1973, these data were (as kcal/m2): stream 1, 96.4; stream 2, 72.9; and
stream 3, 85.4. These estimates exceed fish consumption determinations
by a remarkable average of only 10.1 percent (range of 7.2 percent -
12.4 percent) (Figures 2, 3 and 4). The closeness of these independently
calculated figures certainly indicates both invertebrate drift and trout
consumption were realistically estimated.

-
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Table 10. Mean percent proportion by weight of invertebrates in
trout stomachs and in the drift during 1972-74. Groups
are arranged according to decreasing consumption by trout,
top to bottom.

Stream 1 Stream 2 Stream 3

Trout Drift Trout Drift Trout Drift

Chironomidae 41.6 48.8 37.7 43.4 56.1 48.0

Trichoptera 35.0 11.2 43.1 15.0 29.5 18.4

Terrestrial Taxa 12.7 9.1 9.5 7.3 6.8 10.2

Plecoptera 5.8 4.0 4.1 7.9 2.1 1.0

Ephemeroptera 2.2 1.6 3.4 3.4 1.3 2.5

Miscellaneous Invert. 2.7 25.3 2.2 23.0 4.2 19.9
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The close examination of invertebrate drift:fish production data points
out a seemingly inconsistent relationship that existed during 1973.
Drift rates were inverse in proportion to grazer, collector and invertebrate
carnivore production (and standing crop) (Figures 2, 3 and 4). This
contradictory drift situation was caused in part by the failure of drift
nets to adequately sample organisms in the water column. In a way, fish
and drift nets accomplished sampling in the same way--selectively.
Thus, more material was in the drift than estimated by the 400 micron
mesh devices used. Energy loss potential of undetected animals and
plants in the export was minimal. Even though many more organisms may
have been in the water column than estimated, weights (energy contents)
were likely low.

The main reason why there was an Inverse relationship between invertebrate
production and drift of larger Individuals'was possibly related to
differences in the species composition of the standing crop. For example,
in stream 1, the biomass proportion of most midges and caddisfltes
(approximately 80 percent. of the food weight of trout) to ostracods,
copepods and oligochaetes (about three percent) was 2.59:1. In this
stream, drift and trout production was the highest. In stream 2, In
which the lowest drift and trout production occurred, the.ratio was
2.31:1. Stream 3, which was Intermediate between the other two In drift
and fish production characteristics, had a ratio of 2.39:1.

By taking into account ratio variations between streams, apparent inconslstencil
In the invertebrate production (standing crop): drift relationship were
generally compensated for. For example, in stream 1, relatively more
production and less drift came from the small Invertebrate component of
the standing crop than in the,other two streams. Conversely, less
production and more drift was characteristic of the large Individuals in
stream 1 than in 2 and 3. Additional discussions of invertebrate drift
and trout feeding appear in the section devoted to nitrogen introduction.

Trout respiration averaged 56.5 percent (range of 54.0 percent - 58.8
percent) of consumption during 1973. As with invertebrate carnivores,
this figure is indicative of the comparatively high activity needed by
predators to acquire food. It is probably accurate to show trout as the
energy storage component of the three stream ecosystems (Figures 2, 3
and 4). With the abundant decomposer and collector organisms in each
stream, most non-assimilated materials passed by fish were likely kept
in the system until there were potentially minor with respect to energy
loss. Trout yield averaged approximately 18 kcal/m2 (range of 13-21
kcal/m2) in 1973. This mean value is 23 percent of consumption, and 0.2
percent of the entire energy input of each stream. This latter figure
is considerably higher than for sculpins (Davis and Warren 1965) and
Trout (Warren, 1971) because fish in the experimental streams were of
one age group, replaced when apparently unhealthy and had abundant food.
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Community respiration and the equilibrium of energy

The method used by Weyerhaeuser Company scientists to calculate gross
primary production is based on community respiration data (in part).
Since the C02 change technique has been implemented, community respiration
estimates far in excess of those expected have been produced. For
example, in stream 3 during 1973, the entire respiration coming from the
community was estimated to be 6146 kcal/m2 (Figure 4). As determined by
measurements associated with primary production estimation at the stream,
this value was 15560 kcal/m2. Two questions should be asked regarding
these illustrated differences: (1) Which, if either, is right and (2)
if the high estimate is valid, why the obvious discrepancy with the
energy flow data.

Partial answer to these questions may be found by examining energy
balance in the streams. On the average, energy input exceeded output by
355 kcal/m2 range of 289-426 kcal/m2) during 1973. On a percentage
basis, this excess is 3.9 percent (range of 3.2 percent - 4.5 percent).
Considering the many assumptions made during calculating the contribution
of most energy transfer components, the closeness of input-output
estimates is extraordinary. In assuming data in Figures 2, 3 and 4 to
be representative of the natural situation, community production/respiration
(P/R) values were: stream 1, 1.5; stream 2, 1.4; and stream 3, 1.5.
These estimates compare reasonably well with the mean P/R ratio of 2.6
calculated from data of Odum (1956) for eight autotrophic communities.
Indeed, it should be expected that, on a yearly basis, the P/R ratio of
each experimental stream will be in excess of 1.0.

Thus, judging from the closeness-of-fit by so many independently calculated
components, the energy transfer situation should be tentatively accepted
as illustrated in the three figures. Yet,'it must be realized that each
stream is not a typically autotrophic system. The even discharges and
lack of freshets appear to suit the optimum colonization by bacteria and
fungi very well. Thus, the microbial community might be extensive. On
closer examination though, the amount of microorganism activity needed
to produce the excessive community respiration is unlikely. This fact
can be examined by discussing periphyton (gross primary) production.

Even though community respiration data may be wrong, gross primary
production determinations using these figures will be representative.
This is due to the compensatory interrelationship between community
respiration and net community primary production. Thus, the amount of
energy available to subsequent trophic levels is well described in all
energy transfer figures. The question then arises, where are microorganisms
obtaining energy to contribute so vastly to the respiration of the
community. Two possibilities exist, though neither has any realisticpotential. (1) Enough energy is carried over from the previous year to
account for greater than expected respiration. This of course is unreasonable,
since it would take an accumulation of almost two full years to equal
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the respiration for only one. (2) Microbial utilization of fecal material
in the streams is much more than expected. Again, since only so much
energy enters the system, there is a finite limit as to how much leaves.
Fecal material can be re-cycled, but the energy cannot be re-used.

Further evidence indicating the very high community respiration estimates
are wrong comes from determinations using respiration chambers by Busch
(Department of Botany, Oregon State University, Corvallis). Utilizing
representative samples of the community of each stream, he calculated
P/R values of from 0.384 to 0.953 during September of 1975. These
determinations almost certainly express the production: respiration.
relationship when the former is lowest and the latter is greatest during
the year. In the summer, values in excess of 1.0 or 2.0 should be
characteristic of each community. For all four seasons, values likely
will average in excess of 1.0. Certainly, the yearly mean will not be
about 0.5, which is the value according to the high community respiration
data. After examining each stream, Busch and Gregory (Department of
Fisheries and Wildlife, Oregon State University, Corvallis) both theorize
that, on the average, community P/R values will range between 1.0 and
2.0 per year.

Considering all forms of evidence, it can be generally summarized that
community respiration determinations of the magnitude calculated by
Weyerhaeuser Company scientists are overestimates. Whether or not
actual values are somewhere between the extremes is a question that,
hopefully, will be answered in the near future.

Likewise, a final balance of energy entering and leaving each stream
will not be possible until an-accurate apportionment of the fate of
fecal material is made. The energy flow diagram in Figure 5 has been
constructed to estimate the possible fecal utilization by collectors.
It has been assumed that all non-assimilated material from grazers that
has not been exported will be used by collectors and eventually enter
community respiration. Also, the small amount of energy estimated to be
available from the previous year has been included. No other input or
output modifications have been included in the figure, since originally
calculated estimates fit together in such a reasonable manner. Because
it was used as a control during nitrogen addition experiments, only
stream 3 data have been manipulated.

Energy output exceeds input by only 1.3 percent when processing of fecal
material, and periphyton from the previous year are estimated (Figure 5). In
kcal per m2 per year this difference is 119. These data have been presented
with percentages of input and output totals for each processing function
in Table It.

For all practical purposes, 100 percent of all input energy was derived
through photosynthetic processes (Table 11). This situation is vastly
different from a heterotrophic system, where allochthonous material can
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Table 11. Annual energy budget for experimental stream 3, 1973.

kcal/m2 Percentage
of total

INPUTS

Gross Primary Production 9.230 99.7
Previous Year Periphyton 24 0.3
Total 9254 100.0

OUTPUTS

Periphyton

respiration 2026 21.6
mortality and decomposition 2919 31.1
export 2643 28.2
storage 43 0.5

Grazers

respiration 452 4.8
mortality and decomposition 241 2.6

emergence 38 0.4

Collectors

respiration.., 262 2.8

mortality and decomposition 99 1.1
emergence 4 < 0.1

Invertebrate Predator

respiration 76 0.8
mortality and decomposition 26 0.3
emergence 3 < 0.1

Fish

respiration 43 0.5

mortality and decomposition 2 < 0.1

yield 17 0.2

Respiration of Previous Year Periphyton 24 0.3
FPOM Processing 408 4.3
Invertebrate Export 47 0.5

TOTAL: 9373 100.0
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account for up to 99 percent of all energy input (Fisher and Likens

1973). As representatively illustrated in the table, energy expenditure
associated with invertebrate consumers and fish was approximately 22
percent that of periphyton and related microorganism processes. About

30 percent of all energy entering the streams was exported out. In Bear
Brook, New Hampshire,'Fisher and Likens (1973) determined, this loss to
be 66 percent. The comparatively low export in the experimental streams
was probably due to the uniformity of discharge, and extensive fauna of

collector organisms.

Energy flow: Summary

This study has the potential of being an important early model of energy
transfer in autotrophic-based ecosystems, since no other research has
been accomplished on the subject in as fine a detail. Few lotic systems
occur in the world so devoid of allochthonous energy input as the experimental
streams. Thus, by understanding trophic relationships in these three
systems, a basis for comprehending energy transfer in more complex
situations may surface.

During 1973, a direct relationship existed in all streams between net
primary production and tissue elaboration by grazers, collectors and

invertebrate carnivores. A similar situation may have existed for
invertebrate drift, but was not detected. This error in estimation was
related to two factors. (1) Drift nets primarily sampled the portion of
the drift dominated by larger organisms. (2) Differences in the species
composition of the invertebrate standing crop between streams obscured
the potentially positive relationship between production and drift.
Trout fed almost entirely from the drift, and were selective in their

consumption behavior. Generally, the portion of the drift composed of
larger invertebrates was utilized the most for food.

Using data collected from all three streams during 1972, 1973 and the

first half of 1974, between 9000 and 12000 kcal/m of total energy
should be expected to enter each system per year. Loss or accumulation
to the input will average: mortality and decomposition (eventually
respiration), 35 percent; direct respiration, 30 percent; plant and
invertebrate export, 29 percent; FPOM processing, 4.5 percent; insect
emergence, 0.5 percent; and fish yield, 0.5 percent.

Energy flow data for 1972 and 1974 have not been presented in this
section of the paper, since proportions between energy input and output
at most levels differed minimally from estimates for 1973. No evidence
was found to indicate nitrogen additions had any effect on plant:anlmal
interrelationships in streams I and 2. Indeed, the energy input:output
interaction varied more between years than between each stream. Further

treatments of this subject appear in the following section on effects of

nitrogen additions.
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Indirect techniques were used to estimate production, respiration,
mortality and decomposition, assimilation, and consumption of one or
more of the five primary trophic levels in each experimental stream.
Hopefully, the energy transfer diagrams discussed in this paper will
prove to be realistically descriptive. If so, the potential use of
indirect methods for calculating important components of the trophic
picture will be greatly advanced.

Nitrogen Addition Experiments
This study is somewhat unique in that two investigators having occasional
contact analyzed the same data for very similar reasons. Peter Bisson
of the Weyerhaeuser Company completed his report, "Trout Production in
Fertilizer Nitrogen Enriched Experimental Streams," in June of 1975. As
the,-title indicates, his analysis was oriented toward fish. Even
though my background as an entomologist influenced the direction of my
research, both reports reached very similar conclusions as to the effects``
of nitrogen enrichment. I have therefore drawn a comparison between the
weight-based data of Bisson and the energy-based data of this report.
Points on which we differ, and particular invertebrate analyses will be.
elaborated in more detail. Introductory remarks on nitrogen enrichment
have-been-previously made in the Methods section.

The effect of nitrogen on aquatic plants

Preliminary analyses indicated that plant growth in the experimental
streams may have been, limited by nitrogen. Indeed, for over six months
after the introduction of nitrogen into streams 1 and 2, both had
substantially higher primary production rates than stream 3 (Figure. 6).
This was. generally expected, since most nitrogen uptake by plants in the
streams is in the form of nitrate-nitrogen. During the last month of
1972, all of 1973 and the first six months of 1974 however, statistically
significant differences did not exist in plant production levels between
the three streams even though nitrogen input continued. Surprisingly,
during some of this time., production rates were highest In the control
stream. These data Indicate that, after a period of acclimation, higher
nitrogen levels in streams 1 and 2 had no positive effect, and perhaps
were somewhat toxic,. to the aquatic plant community.

Of all factors considered, plant growth was found to be most strongly
influenced. by solar radiation.(Figure 6). Light:primary production
correlation (r)values for 1972, 1973 and the first six months of 1974
were 0.58, 0..89 and 0.74 respectively. The low 1972 relationship was
primarily caused by production variations that occurred before nitrogen
addition. Since all three streams were involved in the increase in
correlation between: solar. radiation and primary production after May of
1972, nitrogen was ruled out as a stabilizing influence to that interaction.;
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The generally strong relationship that existed between solar radiation
and primary production gives a clue as to why effects of nitrogen were
so low. It is possible that primary production levels were critically
limited by the amount of energy available for photosynthesis.. This
light energy influence may have been total or partial. If it were
total, the potential for nitrogen to alter primary production levels was
non-existent. Alternatively, nitrogen additions could have had a partial
effect on primary production when levels or intensities of solar radiation
fell below some critical point.' Some evidence of this situation may
exist. A representative example can be seen in Figure 6. During June
of 1973, light energy levels dropped at the experimental site. Tissue
elaboration also was comparatively low in the control stream (3). In
the constantly enriched and intermittently enriched streams though,
.primary production levels continued to rise. A similar stream-related
situation also existed during late 1972 and early 1973..

Unfortunately, exceptions to the above mentioned trend are not difficult
to locate in Figure 6. This may indicate that the. interrelationship
between solar radiation, primary production and nitrogen is more complex
than shown in the example. Indeed, there is no evidence to indicate
that nitrogen is the limiting nutrient to primary production. Carbon
and phosphorus are certainly very important to growth,,and may limit.
primary production alone or in some minimal combination. Though carbon
appears to be generally abundant in all streams, phosphorus concentrations
occasionally drop to potential limiting levels.

One other plausible. explanation exists regarding the failure of nitrogen
to effectively stimulate primary production. This assumes that nitrogen
was indeed the limiting factor to plant tissue elaboration. As discussed
with energy transfer, a certain amount of periphyton was carried over
from one year to the next. Presumably, most of this biomass was decaying.
Microbial decomposition of this material could have made available some
quantity of nitrogen in the nitrate or ammonium ion form. Thus, nitrate
addition from the outside world would be unnecessary. This idea of
nitrogen contribution by decay is impractical for two interrelated
reasons. Relatively little periphyton biomass is carried over from one
year to the next. Since decomposition takes place rapidly after mortality,
most of the material is poor in nutritive value during the next growth
season.

Since the amount of material accumulated from the previous year probably
cannot fulfill nitrogen needs of the plant community, a more immediate
source of'decomposition input should be investigated. During each year,
a certain proportion'of the periphyton is killed due to the light choking
effect of overhead layers of actively growing material. Microbial
utilization of this buried tissue might indeed provide the kind of
Immediate nitrogen input needed for additional growth of,plants in the



52

upper periphyton layers. Nitrogen from decomposition likely would not
be detected in sampled water, since it would primarily remain at the
microhabitat level.

Standing crop levels in the three streams varied considerably between
months (Figure 7). The constantly enriched stream had a higher average
plant biomass than the other two streams during the two and one half
years of the experiment (Table 12). The intermittently enriched stream
had periphyton biomass levels greater than stream 3 during 1972 and
1973, and less the remaining half year. To a degree, these data contradict
the generally accepted assumption that plant production and standing
crop are interrelated in a direct manner.

Because the on 'y important additive process to standing crop is production,
and this characteristic did not appear to.consistently determine plant
biomass levels, potential loss parameters have been considered. Data in
Table 12 not only illustrate plant biomass and gross primary production,
but the three main loss factors as well: export, consumption and mortality
(decomposition). As previously mentioned, decomposition by microorganisms
takes'place mainly after algal'and moss cells have died as a result of
the growth and smothering by overhead plant layers. Since mortality
actions were found to be almost directly related to primary production,
losses due to decomposition could not consistently cause the observed
production:standing crop variations between streams and years. Also,
plant mortality had a much less immediate effect on the standing crop
than export or consumption, since much of the biomass was locked onto
the substrate by covering periphyton mats.

By examining data in Table 12, it can be concluded that variable levels
of consumption and/or export between streams generally caused inconsistencies
in the production:standing crop relationship. For example, average
plant biomass was the highest during 1973 in stream 1. Primary production
was highest in stream 2 though. In this case, the difference was influenced
more by consumption than export. Losses due to downstream movements
were similar in both streams. Since consumption was highest in stream
2, a greater proportion of the production was removed and a reduced
standing crop prevailed. On a monthlybasis-, the dominant influence of
consumption over export was characteristic of most inconsistencies
between plant production and biomass. This was primarily due to the
fact that plant drift was generally more closely related to primary
production than was consumption. The typical sequence of events in the
interaction between drift and production was considered to be: increased
photosynthesis; greater oxygen production, oxygen infusion into periphyton
mats; periphyton mats rising in the water column because of increased
buoyancy; and eventual dislodgement due to the mechanical action of the
current. To further investigate the interrelationship between periphyton
and consumption, aquatic invertebrates must now be considered.
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Table 12. Annual estimates of periphyton mean biomass, gross primary production,
export, consumption by invertebrate herbivores, and mortality and
decomposition in the experimental streams. Data for 1974 are generally
based on January through April or May determinations.

1972 1973 1974

Stream 1 238.7

Periphyton Biomass (kcal/m2)

406.7 251.4

Stream 2 189 2- 322.6 177.0

Stream 3 158.9 289.0 229.0

Primary Production (kcal per m2 per year)

Stream 1 9848.1 9413.1 6723.6

Stream 2 8500.3 9970.0 5759.3

Stream 3 7233.8 9330.1 7840.0

Stream 1 947.5

Export (kcal per.m2 per year)

2562.6 1970.9

Stream 2 546.1 2480.2 1752.1

Stream 3. 745.3 2642.7 3433.2

Consumption (kcal per m2 per year)

Stream 1 897.3 1470.9 1424.1

Stream 2 1060.5 1884.1 1979.3

Stream 3 1138.4 1599.4 2477.4

Mortality & Decomposition (kcal per m2 per year)

Stream 1 2656.8 2550.3 1819.0

Stream 2 2280.3 3371.6 1793.4

Stream 3 2146.9 2919.0 2120.5
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Periphyton and invertebrate interactions

Shortly after periphyton biomass began to increase late in 1972 (Figure
7), a similar occurrence happened with herbivorous invertebrates in the
three streams (Figure 8). Gains generally continued until November of
1973, at which point herbivore biomass levels dropped for at least three
months. Production trends were very similar to those of biomass, and
therefore have not been illustrated in the figure.

Initially, increases in herbivore biomass and production were most
influenced by plant standing crop changes. This was because little new
periphyton material was being elaborated during late 1972. In early
1973 though, as more fresh plant tissue appeared on riffles, primary
production became the dominant influence on invertebrates. This situation
is illustrated by the fact that, during the time that primary production
was highest, relationships between that characteristic and invertebrate
biomass (production) were the closest between streams (Tables 12 and 13;
1973). Herbivore feeding, in turn, influenced periphyton biomass and
primary production. Consumption of plant materials continued during
1973 until primary production could not keep up with losses. At this
point, periphyton biomass declined. This reduction. was slow at first,
since fairly high levels of photosynthesis were still taking place. As
these levels of primary production slowed, plant biomass dropped rapidly.

Gains in invertebrate biomass in all streams during 1973 and in streams
I and 2 during 1974 closely followed increase in periphyton standing
crop primarily because of the herbivore species composition. This group
was dominated by the Chironomidae and Oligochaeta. Since these organisms
produce two or more generations per year, they had the potential to
quickly respond to changes in food availability. Herbivore standing
crop continued to increase well after periphyton reductions had taken
place in 1973 due to the growth of invertebrates already present on
riffles. Stream 3 herbivore biomass continued to drop in early 1974
(Figure 8) because drift rates were excessive during this period (Table
13).

Carnivore biomass increased from late 1972 to mid 1974 in response to
herbivore gains (Figure 8). Additions to the predator biomass were slow
to develop due to life cycle characteristics of most species. The
majority of carnivores in the experimental streams are univoltine, and
unable to respond quickly to changes in herbivore standing crop. The
drop in carnivore biomass during the summer of'1973 was due primarily to
increased drift, and not to herbivore losses. The biomass of plant-
consuming invertebrates became lower during'this time in response to
both high drift and reduced periphyton standing crop.

Periphyton and herbivore biomass relationships between streams were
generally negative in trend. Stream 1, which had the highest plant
standing crop during all three years, averaged the lowest in invertebrate
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Table 13. Annual estimates of herbivore mean biomass and production,
carnivore mean biomass and production, invertebrate drift,
and invertebrate mortality in the experimental streams. Data
for 1974 are generally based on January through May or June
determinations.

1972 1973 1974

Herbivore Biomass (kcal/m2)

Stream 1 40.5 69.4 55.5
Stream 2 44.0 91.6 75.5
Stream 3 46.0 78.8 99.5

Carnivore Biomass (kcal/m2)

Stream 1 7.9 8.2 11.3
Stream 2 6.9 9.9 11.8
Stream 3 12.3 9.2 12.8

Herbivore Production (kcal per m2 per year)

Stream 1 257.8 441.7 353.9
Stream 2 267.4 556.7 460.2
Stream 3 290.4 501.7 633.5

Carnivore Production (kcal per m2 per year)

Stream 1 27.4 28.4 39.1
Stream 2 24.0 34.5 41.1
Stream 3 43.5 32.5 45.2

Invertebrate Drift (kcal per m2 per year)

Stream 1 67.2 149.9 116.9
Stream 2 69.9 121.3 120.6
Stream 3 78.1 124.9 161.4

Invertebrate Mortality (kcal per_ m2 per year)

Stream 1 184.1 278.3 259.0
Stream 2 202.7 416.8 322.1
Stream 3 211.9 366.4 464.3
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biomass (Table 13). Highest invertebrate densities were usually characteristic
of stream 3. Production relationships between aquatic plants and invertebrates
were closer than for biomass, but still relatively inconsistent from
stream to stream. As with plants, major loss factors have been analyzed
to help elucidate apparent inconsistencies in these data. Mortality was
determined to have a minimal effect on invertebrate differences between
streams since losses averaged about 1.1 percent of biomass per day.
Daily standing crop losses due to drift averaged: stream 1,0.6 percent;
stream 2, 0.3 percent; and stream 3, 0.4 percent. The comparatively low
standing crop in stream l was therefore due to high downstream movements
of invertebrates. Losses due to drift were variable enough between
years to account for observed invertebrate biomass characteristics in
streams 2 and 3.

As previously discussed, consumption was the dominant influence on plant
standing crop: production differences between streams. Consumption was
directly related to the herbivore biomass in each stream. Thus, drift
rate influences on the invertebrate standing crop primarily determined
variable levels of periphy,ton biomass (and eventually production) between
streams. Effects of plant export and mortality exceeded those of consumption,-
but in a more uniform instrastream manner. Due to its influence not
only on plant and invertebrate characteristics, but potentially fish
production as well, drift must now be examined in detail.

Invertebrate drift and fish production

Critical treatments of drift and fish production have been made in the
energy flow section of this paper. Though primarily for 1973, methods
and some conclusions made earlier are applicable to this current discussion.
Trout in the experimental streams obtained most of their food from the
drift. Thus, downstream movements by invertebrates had the greatest
potential to naturally cause differences in fish standing crop and
production within and between streams.

As Illustrated in Figure 9 and summarized in Table 14, trout biomass and
production was generally highest in the constantly enriched stream.
Lowest levels of biomass and production varied more, but were generally
characteristic of the intermittently enriched stream. As the table also
shows, the relationship between fish production and total invertebrate
drift was variable except for 1973. During only this year were the two
characteristics directly related between streams. Within streams, the
relationship was especially inconsistent. For example, invertebrate
drift levels in each stream varied moderately between 1973 and 1974, yet
fish production during 1974 averaged only 23 percent that of the former
year.
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Table 14. Annual estimates of trout mean biomass, production, And
consumption of invertebrates in the experimental streams.
Annual drift data are based on total biomassof invertebrates
and optimal biomass of invertebrates available to trout.
Data. for 1974 are generally based on January through April

or May determinations.

1972 1973 1974

Trout Biomass (kcal/m2)

Stream 1 56.4 54.3 39.8

Stream 2 45.6 44.8 37.8

Stream 3 49.3 49.0 43.1

Trout Production (kcal per m2 per year)

Stream 1 51.9 24.2 4.6

Stream 2 36.9 15.0 5.1

Stream 3 42.4 18.9 4.0

Consumption (kcal per m2 per year)

Stream 1. 167.2 87.1 19.5

Stream 2 141.9 67.8 23.1

Stream 3 149.0 75.7 16.1

Total Invertebrate Drift (kcal per m2 per year)

Stream 1 67.2 149.9 116.9

Stream 2 69.9 121.3 120.6

Stream 3 78.1 124.9 161.4

Optimal Invertebrate Drift (kcal per m2 per year)

Stream 1 55.6 96.4 56.3

Stream 2 45.2 72.9 64.0

Stream 3 51.8 85.4 69.3
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Averaged for the three streams, 71 percent of the total drift was apparently
optimal for fish consumption in 1972. Figures for 1973 and 1974 were 64
percent and 48 percent respectively. Thus., there likely was a decrease
in the amount (number) of larger-sized invertebrates available to drift.
As discussed partially with energy flow, this was likely due to a change
in the species composition of the invertebrate standing crop. Indeed,
Bisson (1975) has found evidence that the proportion of nematodes,
mites, ostracods, copepods, collembola and ollgochaetes increased slightly
over larger-sized taxa between 1972 and 1974. As he points out, this
change in species composition occurred in all three streams, and therefore
was probably not related to nitrogen input.

The reduction in the proportion of optimal drift apparently caused fish
production to drop in all three streams from 1972 through the first half
of 1974 (Figure 9). The drift proportion was more significant than the
absolute density of invertebrates in the water column, especially between
streams. This is illustrated by comparing the magnitude of optimal
drift with fish production in each stream between 1973 and 1974 (Table 14).
Drift during 1973 exceeded that of 1974 by an average of 27 percent.
The production excess of the former year was over 300 percent. The
complexity of the situation is further illustrated by the fact that
consumption exceeded drift in all three streams in 1972. This apparently
impossible situation indicated that trout could utilize smaller invertebrates
(which would be undetected in the drift) if larger forms in sufficient
numbers were not available.

One relationship possibly existed which could both explain the true
interaction between trout production and drift, and compehsate for some
inconsistencies previously discussed. The optimal portion of the drift
may have been much more restricted in size (weight) range than apparent.
Thus, a comparatively small portion of the drift might be dominant in
influence to trout tissue elaboration. Though this relationship has
been experimentally examined, no results consistent enough to elucidate
the problem have surfaced. Possibly, trout selectivity changes with
age, light intensity, turbidity or any number of factors.

Some evidence exists to indicate there may be some variability in the
food selection process of trout in the experimental streams. In 1973,
independently calculated consumption and optimal drift estimates differed
by approximately ten percent in each stream. Such apparent precision
using faulty data should be difficult for one stream, and close to
impossible for three. Thus, optimal drift data likely were realistically
estimated. In 1972 and 1974, no firm relationship could be developed
between trout consumption and invertebrates in the water column, regardless
of optimal drift figures used. For some unknown reason, food selectivity
may have varied from time to time during these years. Therefore, no one
figure describing the usable portion of the drift would apply. Indeed,
of all three years examined, trophic relationships were generally the
most stable (intimately related) during 1973.
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Judging from-the relationships that existed in the three streams during"
each year, it can be surmised that fish production was more a function
of a certain optimal portion of invertebrates in the water column-than
the entire drift. This explanation, though obviously not complete,..
adequately reflects production differences between streams, and occasionally,
between years.

Nitrogen additions: Summary

Constant and intermittent nitrogen additions to streams 1 and 2 respectively
occurred for approximately two years. Stream 3 was maintained as.a .

control. Immediate gains in periphyton biomass and primary production
started soon after nitrogen was introduced. After approximately six
months though, levels of primary production were essentially the same in
all three streams. Periphyton biomass In stream I generally remained
highest during most of'the experiment. Variations In this characteristic,
between streams were primarily caused by differences In grazer'consumptfon.
Solar illumination appeared to have the most influence on primary production.

The interrelationship between aquatic plants and invertebrates was, an.
intimate one. Most herbivores were bi-voltine, and therefore quick to
respond to increases in periphyton standing crop. Each year,. consumption
of plants continued until additive effects of primary production were
exceeded. Periphyton biomass levels then fell. Differences in drift
rates caused most variations in invertebrate standing crop and production
between streams. Herbivore consumption and periphyton biomass were
often directly related. Therefore, invertebrate drift indirectly regulated
the standing crop of aquatic plants. The carnivore portion of invertebrates
was dominated by univoltine species. Thus, responses to changes in
herbivore biomass were relatively, slow. Still, losses due to predation
likely had the greatest overall regulatory effect on herbivore biomass.

.Variations in fish standing crop and production between streams and/or
years were most influenced by only a certain portion of the drift. This

was because trout were selective in their feeding, and primarily .consumed
larger invertebrates in the water column. No evidence was found to
indicate that increased levels of nitrogen had any effect on trout
production, either directly, or through the food chain. At least preliminaril'
therefore, It should be assumed that fertilization practices will have
no short-term effects on the trophic dynamics and fish yield of small,
streams.

The Lotic Ecosystem Model

Objectives and structure

Utilizing physical, chemical and biological input data from the Weyerhaeuser
stream 3 ecosystem, simulation modelling was begun In earnest during
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late May of 1975. Considerable interest has been shown in this aspect
of the modeling process, since it is the first time an autotrophic-based
system has been analyzed in detail. Work on the more typical heterotrophic
stream ecosystem has largely been completed (Mclntire et al., 1975).
This version of the stream model has been designed to: (1 )test the
stability and usefulness in simulation of the generally adequate earlier
model; (2) compare processes and functional groups in the heterotrophic
and autotrophic environments; and (3) improve on the structure of the
hierarchical, modular systems-model of stream processes. Eventually,
the heterotrophic and autotrophic modeling systems will not only simulate,
but predict. Thus, both pure and applied trials will be able to be made
at a minimal outlay of time and money. Experimental design of field
research should perhaps be the primary economic goal in utilization of
the model.

Using figures from Mclntire et al. (1975), the structure and analysis
strategy of the model can be brifly examined. Diagrams utilized are
primarily from the heterotrophic part of the model, though applicable to
the autotrophic situation as well. The differences between autotrophic
and heterotrophic stream ecosystems are best illustrated in Figure 10.
In heterotrophic systems (entire diagram), energy introduction is primarily
in the form of allochthonous detritus. This organic material is conditioned
by slow or fast processes, then passed to other trophic levels. With
the autotrophic system (right side of the diagram), energy input in the
form of solar radiation goes directly into the steam as primary production.
Periphyton then is utilized by other trophic levels of the community.
In the experimental streams, the FPOM component is generated by periphyton
disintegration and fecal production by invertebrates and fish.

Major subsystems of the stream ecosystem are illustrated in Figure 11.
The autotrophic situation is basically the same as the one shown, only
with essentially no detrital input. Processing can be seen in more
detail in Figure 12. Again, though primarily heterotrophic in orientation,
the diagram misrepresents autotrophic processes only by including shredder
and LPOM components. Snail and FPOM processing in the experimental
streams are of minor importance, but still part of the transfer of
energy.

Major input and output parameters specific to the autotrophic model have
been listed in Table 15. These figures, especially for output, illustrate
the diversity of information and potential flexibility that the model
will have when stabilized. Plots of each output characteristic appear
three times monthly for each year of simulation, thereby producing a
dynamic picture which has great potential for analysis.
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Figure 10. Diagrammatic representation of energy flow in a typical heterotrophic
stream ecosystem. Abbreviations are treated in the previous
explanation page.
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Explanation of Abbreviations in Figure 10

Collect = Collector Invertebrates

CFAOM = Conditioned Fast Allochthonous Organic Matter

CSAOM = Conditioned Slow Allochthonous Organic Matter

E = Export or Emergence

FAOM = Fast Conditioning Organic Matter

FPOM = Fine Particulate Organic Matter

Graz = Grazer Invertebrates

Invert Pred = Invertebrate Predators

P = Production

R = Respiration

SAOM = Slow Conditioning Organic Matter

Shred = Shredder Invertebrates

Vert Pred = Vertebrate Predators (Fish)
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Figure 11. Major subsystems of a typical stream ecosystem, with

heterotrophic processes being stressed. Abbreviations

D, E and R refer to allochthonous detritus, export
(or emergence) and respiration respectively.
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Figure 12. Heterotrophic processes in a typical stream ecosystem.

Diagram is a continuation of Figure 11. Abbreviations
export

D, E and R refer to allochthonous detritus,
(or emergence) and respiration respectively.
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Table 15. Primary input and output parameters for the autotrophic
stream ecosystem model. Plottings of each output char-
acteristic are made approximately 36 times per simulation
year.

INPUT

Physical Parameters: light intensity
light schedule
air and water temperature
CO2 concentration
silt concentration

Biological Parameters:

standing crop estimates (for initial conditioning and verification)
periphyton (algae, moss, detritus)
FPOM (fine particulate organic matter)
collectors
grazers PC (primary
invertebrate predators consumers)
vertebrate predators (fish)

associated
parameters

OUTPUT

assimilation
consumption
emergence or mortality
respiration
FPOM + periphyton export

Standing Crop and Export (or Emergence)
periphyton
FPOM
grazers
collectors
invertebrate predators

PC & predators

Standing Crop vertebrate predators (fish)

Consumption and Demand

grazers
collectors
invertebrate predators
vertebrate predators (fish)
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Progress and outlook

To date, about 33 simulations (six primary model structures) representing
over 130 years have been accomplished. Still, the system is unstable or
unrealistic in analyzing the dynamic interrelationships between most
functional groups. There are many reasons for the current difficulties,
depending on the level of resolution o the group considered. These

problems will not be discussed at this time since, after they are resolved,
a new set will likely emerge. At leas this has been the pattern for
the last four months. Ironically, one of the experimental stream characteristics
initially thought to make the modeling task easier, has made it more
difficult. In most streams throughout the world, temperature variations
exert a strong influence on the life cycles and population dynamics of
aquatic organisms. Due to the relatively stable water conditions in the
experimental streams though, limiting factors in excess of temperature
(food, emergence, predation, etc.) havi,i been very hard to assess as to
importance. It is this exact problem hat we are currently investigating.
Two important generalizations regardin the system and its Improvements
should be made at this time.

1. The model is extremely sensitive to minor changes in input parameters.
For example, altering the invertebrate carnivore assimilation
efficiency minutely affects not only the herbivore component, but
eventually, periphyton and fish production. This degree of sensitivity
is at once advantageous and undeslirable. It is not unreasonable to
assume that all ecosystems have a characteristic for change upon
minor alteration of a structural part. In this way, the model is
doing a credible job of simulati n. Unfortunately, if each portion
of the input family is not in close tolerance with one another, the
system will produce little output that makes any sense. In this
way, the model is very difficult to work with. In the long run
though, the sensitivity of the s stem should be a distinct advantage.

2. The model has become both more easily interpreted and more productive
in Its output during the Weyerhaeuser stream simulations. Improvements
encompassing the former are not easily comprehended unless actual
printouts of functional group curves are seen. The new annual
output format is presented in Tattle 16. This type of data summary
is a great improvement over the old laborious method of calculating
functional group characteristics. As can be observed In the table,
all useful annual estimates are isted and easily interpreted. No

shredder data have been presented, since only in the heterotrophic
model is this group considered a a separate entity. The format
will be altered soon, in order t provide not only averages, but
annual ranges for each important, parameter.

Over four months have passed since modeling of the autotrophic system
was started in earnest. Though resul s have been minimal, we are very
optimistic. A simulation that took place on October 16 appears to be



Table 16. Improved data summary printout for the autotrophic ecosystem model. Data representsyear no. 1 of the simulation.

DT--T ME----TSPAN
2 180 186 GRAZER SHREDDER COLLECTOR INV-PRED VRT-PRED PERIPHYTN FPOM ALLOCHT

MEAN

BIOMASS 8.5477 0 4.3364 2.6119 10.9072 5038.1689 13.9553 0

PRODUCTION 41.5869 0 23.9729 5.5455 11.9270 1921.5600
TURNOVER 4.8653 0 5.4652 2.1232 1.0935 0.3814
INPUTS
CONSUMPTION 310.8451 0 444.2923 28.9706 29.7835 DRIFT

0 BOTTOM
0

BY VRT-PRO 0 0 0

BY INV-PRO 18.2141 0 10.7565

RESPIRATION 29.9475 0 64.8856 17.6310 13.6868 33018.2060 93.6944 0
PREDATION+
MORTALITY 18.2141 0 10.7565 0 9.8165 310.8451 444.2923 0

EMERGENCE 25.7567 0 7.3271 4.1455
EXPORT 0.6510 0 0.1817 0.1649 194.6380 85.1269 0
Z RESPIRATION

Z PREDATION+

40 0 78 80 58 98 15 0

MORTALITY 24' 0 13 0 42 1. 71 0
Z EMERGENCE+

EXPORT 35 0 9 20 0 1 14 0

BUDGETS INPUTS OUTPUTS
PRIMARY PROD 1921.56
ALLOCHTHONOUS 0
RESPR/MORTAL 3347.83
EXPORT/EMERGE 288.21
TOTALS 1921.56 33536.84 NET 31614.476 6.0182 BALANCED '921.17910



71

stable in most important interrelationships between periphyton, primary
consumers and predators. This run has more potential to develop into a
reference simulation than any so far. Work on the model should intensify
In November, since a publication based on the autotrophic system is
planned for late 1975 or early 1976.

RECOMMENDATIONS

During the course of this investigation, it'has been found that some
methods of data collection utilized by Weyerhaeuser scientists give
unsatisfactory results. The following three recommendations are designed
to improve the precision of collecting information so resultant data
will more accurately describe the structure and function of each stream
community.

1. Drift sampling should be accomplished immediately below every
riffle in each stream simultaneously. This will provide critical
information about the amount of drift associated with each riffle.

Densities of invertebrates in the water column available for trout
consumption will also be characterized. Finer mesh nets should
also be used, so a more accurate picture of the entire drift is
developed. Samples based on approximately 100 micron mesh nets
will make drift estimates comparable to those which will be obtained
by Busch during his study. It would also be valuable to accomplish
samplings at night, since the diet drift picture is almost unknown.

2. More uniformity in the expression of data is essential. Comparatively
little extra effort should be needed to produce reliable conversions
so fish biomass and production data are made on a grams of ash-free
dry weight basis. Expressing drift data on a grams/m2 basis directly
would also facilitate analysis. If economically feasible, it would
be advantageous to invest in a calorimeter. This would not only
make most data comparable to that of other studies in the future,
but more efficiently characterize energy flow in the streams.

3. An adequate way must be found to estimate` community respiration.
Until this has been done,'the true nature of energy flow In the
streams will not be definitely known. Already, this problem is
perhaps being alleviated, since Busch has completed preliminary
community respiration trials at the experimental facility.
Hopefully, determinations utilizing respiration chambers stocked
with representative samples of community tissue will prove to
adequately define the situation.

unknown.,.
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