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A population of juvenile steelhead trout (Salmo gairdneri) reared

in a completely controlled freshwater impoundment situated in mid-

western Oregon was studied from June of 1962 until March of 1963.

The limnological characteristics of the environment as well as the

dynamics of the aquatic insect fauna were surveyed in detail. Instan-

taneous growth and mortality rates, net production and biomass

changes were computed for the fish population at semimonthly inter-

vals. The total yield could be obtained by complete draining of the

pond. A study of stomach contents of the trout established qualitative

and quantitative relationships between the fish and their food supply.

The partitioning of the total food ingested between maintenance and

growth was estimated and efficiencies of food utilization calculated.

Estimation of the total net production of the aquatic insect fauna was

attempted.

The rearing period lasted 302 days, during which the total
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instantaneous growth rate was equal to 3. 6, more than 80 percent of

the growth taking place during the first three months. The total in-

stantaneous mortality rate was . 96 in the rearing period, corres-

ponding to a survival of 38. 4 percent. The total net production

amounted to 53 kg/ha, and the harvested yield represented 59. 4 per-

cent of the production. Predation by fish-eating birds and possibly

adult bullfrogs greatly contributed to this loss of production.

Variations in the standing crop of aquatic insect were found

related mainly to rate of emergence of insects (maximum in mid-

summer) and to predation by insectivorous aquatic birds (in fall).

Total biomass varied between . 4 and 5. 8 kg/ha. Although Chiro-

nomidae were numerically the best-represented group, Libellulidae

generally contributed the most on a dry weight basis.

The study of the trout stomach contents revealed that their

basic food, endogenous insect forms, varied qualitatively according

to the Mavailabilityu of the organisms present. Chironomidae, Calli-

baetis and Libellula were the main components of their diet. The

amount of crustacean zooplankters ingested increased temporarily as

the uavailabilityH of the insects became reduced.

The quantitative estimate of the utilization of the total food in-

gested indicated that 71 percent of it was used for growth, the rest

being required for maintenance. The trout material elaborated con-

stituted 16. 6 percent of the total food eaten while the final yield was



only 10 percent of it.

The ratio of the estimated daily ration to the observed stomach

contents varied from 1. 5 to 24. 3 according to the water temperature

and to the composition of the diet.

The ratio of the average annual standing crop of the insect fauna

to that of the trout population was 11 on a numerical basis and 10 on a

dry weight basis.

The estimated total production of the insect fauna was 385 kg/ha,

dry matter. The fish population consumed 78 percent of it and 21

percent was lost by emergence. From a dry matter standpoint, the

ecotrophic coefficient was 78 percent and the trophic level production

efficiency 2. 7 percent.

Management practices leading to optimum sustained yield of

smolt steelhead were then presented in relation to the preceding re-

suits.
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NET PRODUCTION OF JUVENILE STEELHEAD,
SALMO GAIRDNERI RICHARDSON,

IN A FRESHWATER IMPOUNDMENT

INTRODUCTION

The general purpose of this study was to investigate the popula-

tion dynamics of juvenile rainbow trout Salmo gairdneri Richardson,

reared in an artificial freshwater impoundment. Data were collected

from May 1962 until May 1963, in an impoundment 13. 3 hectares in

size.

The specific objectives of the investigation were:

1. To determine the physical characteristics of the pond.

2. To make a detailed study of the dynamics of survival,

growth, and net production of the fish population.

3. To estimate the dynamics of the production of the popu-

lation of invertebrates important as food for fish.

Accurate information concerning the general background, both

physical and biological, of the fish population studied was obtained as

far as possible. Although not always essential for the present inves-

tigation, the information might become of considerable value in corn-

paring our results with those obtained in other similar studies.

In the study of fish population dynamics, data were obtained on



variations in population size, on growth rates, mortality rates, net

production and total yield.

The feeding habits of the fish coupled with standing crop esti-

mates of the available food organisms permitted an estimate of the

existing relation between food resources and fish production. These

data also permitted an estimate of the production of the littoral insect

fauna.

Impoundment Rearing of Juvenile Anadromous Salmonids

The concept of natural. rearing of fingerling Pacific salmon and

steelhead trout in controlled impoundments is relatively new. It or-

iginated a few years ago in the northwestern regions of the United

States as a reaction against the increasing civilization pressure on

the natural areas suitable for salmonid production. Fresh- and salt-

water areas were set aside for mass production, in one-year cycles,

of salmonid smolts reared on natural food only.

The main purpose of such impoundments is to increase the yield

of returning adult fish to the commercial and sport fisheries. Three

states are actually involved in such operation: California, Oregon

and Washington. In California, coastal lagoons are used to rear

chinook salmon [0. tshawytscha (Walbaum)] , coho salmon [0.

kisutch (Walbaum)] and steeihead fingerlings (100). In Washington,

a rearing program was started in 1957 (86). In 1963, 20 freshwater
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and nine saltwater areas were used to produce chinook and coho

salmon smolts with various degrees of success (113 and 114). In

Oregon, the Fish Commission has raised coho salmon in coastal

lakes and artificial impoundments since 1958 (42, 44, 60, 99). The

Oregon State Game Commission initiated a research program on im-

poundment rearing of saimonids in the spring of 1961. Its first step

was to produce and release summer steelhead smolts in two key

stream drainages, the Rogue River and the North Umpqua River.

In 1964 they began raising salmon fingerlings in a new mixohaline

impoundment (21).

Unfortunately, most of the studies conducted by the responsible

organizations were confined to the gathering of information about the

"yield of juveniles released from the rearing areas. However, as

Donaldson pointed out, 'to properly develop the technology of rearing

salmonid fish under semi-cultivated conditions, it is first necessary

to fully understand the processes that make up the complete environ-

ment" (30, p. 130). The same need for high research standards was

also recently stressed by Campbell (21, p. 136) who critically re-

viewed the basic conditions to be fulfilled in impoundment research:

- - complete control of the environment (pond and fish).

- -population dynamics study.

- -determination of the causes of the observed variations in yield

and/or quality of smoits produced.



Salmonids in Lentic Environments

The steelhead, a sea- run rainbow trout, is the largest rainbow

trout in Oregon. Most steelhead migrate to the ocean when one or

two years old, returning one or two years later as adults to spawn.

Information about the life history of steelhead trout is practi-

cally entirely restricted to lotic environments (22, 43, 70, 102, 112).

Some data are available for lakes concerning S. gairdneri kamloops

Jordan (61, 77) and the resident rainbow trout (57). Schaeperclaus

(101) dealt with the pond culture of the latter. Information about

rearing of juvenile steelhead in impoundments is practically absent

(e.g. 114).

Other salmonid species which have been relatively intensively

studied in lenti.c environments are the brown trout (S. trutta L. ),

the brook trout [S. fontinalis (Mitch.)] , the coho salmon, and the

chinook salmon. The brown trout was investigated in Europe, parti-

cularly Great Britain (2, 13, 37, 109), Sweden (84) and Germany

(101). Studies of brook trout were reported from the eastern United

States (36, 47) and Canada (91). Adequate information about the

Pacific salmon species raised in ponds were obtained mostly in

Oregon (42, 45, 52, 99) and some in Washington (113).
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Dynamics of the Production of Fish

The first factually-based estimate of the net production of a

fish population was made by Ricker and Foerster (96) studying the

production of juvenile sockeye salmon [0. nerka (Walbaum)] in

Cultus Lake, B. C. In 1951, Allen (7) published his excellent study

on the dynamics of the brown trout population in a New Zealand

stream. In 1954, Johnson and Hasler (57) discussed their study of

production of yearling rainbow trout in midwestern dystrophic lakes.

More recently, studies of population dynamics appeared dealing with

brook trout (47, 73), coho salmon (23), chinook salmon (52), and cut-

throat trout (66). Warmwater fish populations were investigated also

(40, 44).

From more theoretical standpoints, Lindeman (65) introduced

the trophic-level concept in biological communities. Ivlev (56) clearly

defined the nature of production and proposed a scheme to study the

trophic dynamics of aquatic communities based on energy transfer.

Macfadyen (69), reviewing the various meanings of production, es-

tablished synonymies. He also emphasized the fundamental differ-

ence between matter cycles and the one-way energy path. In the

present study, only the matter point of view could be considered due

to the complexity of the pond community and the limited amount of

time and man-power available.



Dynamics of the Production of Invertebrate Fish-Food Populations

Attempts to study the dynamics of production in populations of

fish-food invertebrates were made in the past by one of three methods.

Direct studies of the bottom fauna itself were made by Anderson

and Hooper in a Michigan lake (9), Borutsky in Lake Beloie (16, 17),

Hayne and Ball in one-acre ponds in southern Michigan (49), Lundbeck

in northern German lakes (67), Nees and Dugdale who reworked the

data of Anderson and Hooper (81) and Miller in Costello Lake, On-

tario (75). Only Borutzki was successful in partitioning the total

mortality into its various components.

Using the indirect approach, Ricker and Foerster (96) were

able to compare the estimated total amount of food ingested by the

fish population with the prey population itself. A rough estimate of

the production of the invertebrate population (Entomostraca) was so

obtained for Cultus Lake, B. C.

A third approach was taken by Allen (7, p. 183-ZOl) and Gerking

(40, p. 61-67). Juxtaposing growth of fish and estimated total meta-

bolic requirements of the same fish (maintenance and growth), they

calculated the amount of food ingested to satisfy these requirements.

The production of the population of food-organisms was then esti-

mated.
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Plan of the Present Study

The presentation of the present study will be made in three suc-

cessive parts. In Part I, the limnological background (physical and

chemical characteristics) will be depicted. In Part II, the fish popu-

lation, the aquatic fauna and their interrelationship (trout feeding)

will be successively described. A last section (Part III) will be de-

voted mainly to the discussion of the dynamics of fish production with

regard to the environmental factors. Production of littoral fauna will

be estimated for the rearing year.
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PART 1--LIMNOLOGICAL INVESTIGATIONS

STUDY OF AREA

Topography

Whistler's Bend Impoundment is located 17 kilometers Northeast

of Roseburg, Douglas County, Oregon at a latitude 43° 18' N and longi-

tude 123°12' W. It lies at an elevation of O7 meters between the Cas-

cade and Coast Ranges, in a hilly country through which meanders the

valley of the North Umpqua River (Figure 1).

The Oregon Game Commission created the impoundment in 1960

by damming Bull Creek, a small tributary of the North Umpqua River.

The main channel of the creek drains about Z46 hectares of pastures

and second-growth woodland, The strearnflow becomes intermittent

during the dry summer months (Figure Z).

Geology

The area is characterized by two types of Eocene rocks contri-

buting to the typical hilly landscape (28). The sedimentary rocks

(timpqua formation)1 are composed chiefly of thin-bedded sandstones

11n the Roseburg region they are of marine origin. More to the
south, in the region of Ashland and Medford, they are of freshwater
origin.
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and shales with some conglomerates. They are relatively soft and

rather easily eroded. Almost exclusively associated with this forma-

tion and having been erupted through it, the diabase is on the contrary

an especially hard and durable rock with slow erosion. This igneous

rock is usually dark, heavy, dense, and made principally of augite

and plagioclase of the limesoda variety. Diabase composes most of

the rounded hills of the area and the TJmpqua River flows directly

across its beds. But the tributary streams flow along the softer beds,

parallel to the strike of the rocks.

The Whistlers Bend Impoundment lies for its greatest part on

the Umpqua formation. Shales lie in the deeply-cut northeastern

bank, sandstones and pebbles are present in the northwestern part

of the pond, and diabase is restricted mainly to the spillway area

and gravel pit (Figure 4).

General and Local Climate

Decker (27) characterized the general climate of this area as

belonging to the Oregon southwestern va-iley type giving average air

temperatures, rainfall and snowfall as follows:

January temperature: 4. 4°C
July temperature: 19. 4°C
Annual rainfall: 78. 7 cm
Annual snowfall: 17. 8 cm

I collected climatic data at the impoundment itself, supplement-

ing them with data recorded at Glide Ranger Station (tlmpqua National
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Forest, U. S. Forest Service). The latter is located on the left bank

of the North Umpqua River, 8. 7 km east of the impoundment at 218 m

elevation (Figure 1).

Air Temperature

Daily air temperatures (Appendix 1 and Figure 3) were obtained

from a maximum and minimum self-registering thermometer sus-

pended in a standardized shelter, 160 cm above the ground. The

shelter was located close to the storage shed (Figures 4 and 11).

The mean air temperature varied in summer from ZOOC to 240

C. During the winter it decreased to about 20C for at least one month

(January). The maximum temperature for the year was recorded in

late July as nearly 39°C. The period from July 15 to the end of Sep-

tember was characterized by relatively high air temperatures during

the day. Minimum temperatures at night were generally cool (less

than 10°C) In January there was a sudden drop of the minimum

temperatures far below zero, for about three weeks.

Rainfall

Rainfall was recorded at Whistler's Bend Impoundment from

September 1962 until the end of the study by a weighing rain gage.

Located near the shed (Figures 4 and 11), it collected rain on a

weekly basis at 140 cm above the ground. Data from this gage are

presented in Figure 3. For comparative purposes, the average
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monthly rainfall observed at Glide during the last sixteen years was

computed. All data are grouped in Appendix 1.

The average annual rainfall for 16 years is 1101 mm while in

the study period it was 950 mm, indicating that the year 1962-63 was

dryer. The relative dryness of April, May and June in 1962 explains

the unusual difficulty encountered during these months in filling the

reservoir with runoff only.

Rainfall was concentrated in time, occurring mainly during the

first half of October, in November and February.

Wind

Wind characteristics (frequency of origin and speed) were ob-

tained from data collected during the summer of 1962 at Glide Sta-

tion. 1 Since the impoundment was between two high ridges oriented

NW-SE (Figure 1), only two compass quadrants were considered as

having a potential influence on the wind regime: North to West and

South to East. Frequencies of origins of winds, in percent, were

calculated for the eight summer semimonthly periods and distinction

was made between morning and afternoon characteristics (Appendix 1).

During the summer the wind blew most frequently from the

North-West quadrant, especially in the afternoon, contributing to

1Fire danger rating assembly records.
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lower air temperature above the water surface. Days without at

least a breeze were very rare. The speed of the wind generally in-

creased from 9 AM to 3 PM then gradually decreased until 6 PM.

The evenings and nights were mostly windless.
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STUDY OF IMPOUNDMENT

Morphometry

Whistler's Bend Impoundment was elongate, the long axis being

oriented Northwest-Southeast (Figure 4). Approximately 535 m in

length, it ranged in width from about 280 m at the dam to 90 m at its

upper end. At maximum water level (without spill), the total area

under water was 133, 091 square meters (32, 89 acres). The mean

depth was 2. 45 m, The slope of the shores was generally gentle ex-

cept along the dam, the former stream channels, and particularly

along the northeastern edge of the pond where the bank was deeply ex-

cavated for a distance of about 235 m. Maximum water depth of 6. 55

m was in a small area of the former Bull Creek channel at the outlet

valve. The zero level" will refer to the full pool without spill.

The contour of the reservoir was traced from an aerial photo-

graph on which appeared alinement marks (anchored styrofoam floats,

painted truck tires and whitewashed rock piles) distributed around the

impoundment as shown in Figure 4. I determined isobaths while

draining the pond in March 1963. The water level was dropped one

meter at a time, enabling accurate mapping of each contour line. Re-

sults were drawn in Figure 4. I then calculated various subareas of

the impoundment, using a proportional polar planimeter. Appendix 2
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Figure 4. General map of the impoundment.



(I)

I-
Ui

H
Ui
0
z
Li

H

-J
Li
>
Li
-J

cr
Li
H

CAPACiTY, O CUBIC METERS
0 50 00 50 200 250 300 350

0 10 20 30 40 50 60 70 80 90 00 110 120 130 140 50

WATER SURFACE AREA, 0 SQUARE METERS

Figure 5 Hypsographic and capacity curves for the impound-
ment.



19

shows resulting values as well as the areas and capacities of each

depth zone. Hypsographic and c'apacity curves are presented in Fig-

ure 5.

When the impoundment was full, the one-meter depth zone coy-

ered more than one-fourth of the total area (29. 1 percent) and the

area of water deeper than four meters represented only about one-

fifth of the area underwater. The total capacity of the reservoir was

about 326, 804 m3. Of this volume about one-third was enclosed with

in the one-meter isobath.

Bottom Sediments

The bottom sediments of the impoundment were classified into

ten types, mainly on the basis of their color, texture and structure.

The terminology used is that presented in the Soil Survey Manual (110).

The hydrogen-ion concentration (pH) was electrometrically

measured for 29 soil samples with a pH-meter. Ten grams of soil

were thoroughly mixed with 20 ml of distilled water. After settling

had occurred, the glass electrode was lowered into the sediment por-

tion, the KC1 electrode being kept in the surnatant liquid portion.

The pH reading was made about five minutes later. 2

'The term 'typet is not used to refer to members ofa same soil
series. It is recognized that at least three soil series were involved.

2Standard method used by the Soil Testing Laboratory, 0. S. U.
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The adopted soil types and their characteristics were grouped

in Appendix 3 and their distribution mapped in Figure 6. The recog-

nized sediment types were grouped into five categories according to

the degree of artificial disturbance which originated them during the

construction of the impoundment.

In general, the bottom sediments of the pond were moderately

fine textured (silty clay loam and clay loam) to fine textured (silty

clay and clay) materials, Their structure was subangular blocky to

massive. In all cases except two, Types 7 and 8, the consistency

was hard when dry, firm when moist, and sticky and plastic when wet.

The pH was moderately acid (pH 5. 56. 2) to practically neutral (pH

6. 2-7. 5). The highest pH values were observed in Types 7 and 8

which are to be considered as parent materials (Umpqua formation- -

see Geology). Type 9, grouping the very stony areas where stones

formed at least 70 percent of the substrate, was characterized by the

presence of pieces of rock (diabase) and pebbles (Umpqua formation).

From a biological standpoint, the best sediments were to be

found in Types 1 and 2, undisturbed pasture land and oak-forest sur-

face soils. Good sediments were found in Types 3, 4 and 5 in which

surface soil and subsoil were mixed during their transport from the

actual sites of Types 6, 7 and 8. These last types, and particularly

Type 7, were biologically the poorest of all the sediments present.

The only chemical analysis of the impoundment sediments was
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made in June 1961 on a composite sample by the Soil Testing Labora

tory, Oregon State University. It provided the following average con-

tent in inorganic ions (pH 6. 2):

Table 1. Average Content of Bottom Substratum in Inorganic Ions.

Inorganic Ions Kg/ha m. e. /100 g

Phosphorus 32
Potassium 546 .7

Magnesium 696 2. 9

Calcium 2360 5. 9

Total Bases 9. 5

For impoundment user these values certainly would seem to

represent a rather rich average soil. The only inorganic element at

a low level was phosphorus.

No analysis for organic compounds was made. From Appendix

3, however, I infer that only Types 7 and 8 were deficient in organic

matter.

Aquatic Vegetation

The occurrence and distribution of aquatic plants were noted

during the study and a final check was made when the impoundment

was drained. The resulting distribution map (Figure 7) represents

the average vegetational conditions prevailing from June 1962 until

March 1963. Later observations revealed that new areas were
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actively colonized during the summer of 1963.

The following species were collected and identified:'

Cyanophyta, Nostocaceae: Nostoc pruniforme Ag.
Chiorophyta, Characeae: Chara fragilis Desv. and Chara Braunii

Gm e len
Pteridophyta, Marsileaceae: Marsilea mucronata A. Br.
Spermatophyta:

Najadacea: Potamogeton folio sus Raf., P. natans L. and P.
pectinatus L.

Cyperaceae: Eleocharis bella (Piper) Sven.
Juncaceae: Juncus effuus var, pacificus Fern. and Weig. and

J. balticus Wilid.
Sparganiaceae: Sparganium simplex Huds.
Typhaceae: Typha latifolia L.

As presente in the legend of Figure 7, these species were

grouped according to their abundance an density as: absent, sparse

or rather dense vegetation.

All the species (except Nostoc sp.) were attached to the bottom

substratum. The emergent ones (Eleocharis, Juncus, Sparganium,

Typha) and Chara Braunii were confined to the shore area. In an in-

termediate zone were found the species with floating leaves (Marsilea,

P. natans and P. pectinatus). An outer zone was colonized by sub-

merged vegetation (C. fragilis and P. foliosus) which occupied most

of the littoral zone. Chara fragilis was observed in areas as deep as

four meters. In deeper areas only P. foliosus was found in limited

areas and at a very early stage of development. Nostoc sp. was

1ldentifications were made by Dr. H. K. Phinney and Miss L. T.
Dennis, Botany Department, 0. S. U.



confined to but abundant in the yellow clay area and the gravel pit.

A barren zone existed along the greatest part of the normal

shore (Figure 7). This was probably due to the late rise of the water

level in summer 1962, to subsequent water level fluctuations and to

wave action during wintertime.

Water Level Fluctuation

The fluctuation of the water level in the impoundment is depicted

in Figure 8. Because of slight precipitation in April and May 1962,

the impoundment was filled almost entirely with water pumped from

the North Umpqua River. The filling of the reservoir ended on July

30. Evaporation then slowly lowered the water level at a constant

rate of approximately four millimeters per day until the end of Octo-

ber. Runoff in November brought the water level back to zeroe In

winter the water level was controlled by regular opening of the outlet

valve to prevent flooding over the rotating screens in the spillway.

The draining of the impoundment began on March 16, 1963 and was

continued at the rate of one meter per day until the minus five meter

level was reached. Draining was completed on March 25, 1963.

After the fish were removed from the pond, the valve was shut.

Subsequent runoff was then sufficient to refill completely the impound-

ment in a little more than a month (Figure 8). This improved survival

of the bottom fauna, as will be discussed later on.
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Thermal Properties

Water Temperature

Data on water temperature were obtained in two ways for two

different purposes. The general trends of the fluctuations were cal-

culated from the simultaneous and continuous recording of the surface

(10 cm depth) and subsurface (3 m depth) water temperatures. This

was made possible by use of a two.pen thermograph enclosed in a

standard shelter aid attached on a wooden raft (Figure 4). Data were

also obtained fr- the 'valve station' (Figure 4) where both water

temperature and dissolved oxygen concentrations were periodically

measured for each meter depth at short time intervals. These temp-

erature data were collected with a thermistor.

The two sets of data are presented respectively in Appendix 4

(raft station) and Appendix 5 (valve station). The values observed at

the latter station are shown in Figure 9 which summarizes the

thermal behavior of the impoundment during the period of study.

The following points were of practical interest:

1. The absolute maximum water temperature was slightly over

26°C, at the end of July, and never extended deeper than about one

meter.

2. During the same period, the 24°C isotherm reached a



maximum depth of 3. 3 m for a very short length of time.

3. During summer months, the temperature fluctuated in the

whole water mass between ZO°C and Z4°C. At a depth of 3 m, water

temperature was usually close to 22°C.

4. During winter months, the water mass cooled slowly but

continuously until a minimum temperature of about 4°C was reached

in middle January. From then on, the warming of the water mass

occurred rather quickly, especially in the surface 3 meters.

Mixing of Water Mass and Temperature Inversion

I could not really speak of thermal stratification and distinguish

between epilimnion, metalimnion and hypolimnion in the impound-

ment (Figure 9). Consequently, the term 1turnover" could only be

used in a relative sense and Ishall refer to the relative degree of

"mixingT of the water mass.

Partial mixing began in May (Figure 9) but it was moderate

until mid-July because of the continuous inflow of cool river water. 1

Mixing was reduced by late July because of the warming of the river

and particularly because of the increasing volume of the water mass.

From August 1 to August 18, artificial mixing was induced by

'North tJmpqua River temperature varied as follows: April: 8
to 12 C; May: 9 to 13.5 C; June: 14 to 19 C; July: 17 to 21 C.





Figure 9. Seasonal cycle of temperature and oxygen conditions in the impoundment.

Isotherms: temperature in. shown in circle. Dissolved oxygen in mg/l are reported at

depths 0, 1, 5, 3, 4. 6 m and bottom level. The lightly shaded areas represent oxygen

concentrations of 5 mg/l and less. The heavily shaded areas show the distribution of

oxygen concentrations equal to or smaller than 2 mg!l. The bottom level is indicated by

the heavier line at the base of the figure. Filling, artificial mixing and ice conditions

are marked at the top of the figure.
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compressed air released near the bottom of the valve station. Gen-

eral mixing of the whole water mass occurred in a few days (Figure

9). Partial mixing began to appear again when the air lift was turned

off. Its development was stopped by the first rainfalls in late Septem-

ber and early October (Figure 3). Mixing became general in early

October and persisted until February, except for a surface layer of

I m under the influence of low atmospheric temperature in January.

Temperature inversion occurred on January 4, 1963 when tempera-

ture at the bottom exceeded that at the surface. Normal thermal

gradient was reestablished at the end of the same month.

Ice and Snow Conditions

A complete cover of ice from 5 to 10 cm thick was observed

on the impoundment for ten days (ll..21 January). Partial ice cover

existed for approximately ten days more. No snow fell during that

period.

Conclusion

The thermal properties of Whistler's Bend Impoundment during

the 1962-63 rearing period were easily kept under control by the fol-

lowing factors:

1. Filling of the impoundment with cool river water.
2. Artifical mixing by an air lift.
3. Rainfall and runoff.
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Owing to the small size of the reservoir, the two last factors

had an immediate mixing effect on the water mass.

Water Transparency and Turbidity

Depth of light penetration in the water was measured at monthly

intervals with a standard Secchi disk. Observations were made during

the middle of the day at six stations (S I to S VI) situated on the im-

poundment longitudinal axis (Figure 4). The average values derived

from these stations and the observed ranges are given in Appendix 6.

Maximum visibility (about 5 m) existed in August. It was mini-

mum from December to March (30 to 60 cm). These low values were

essentially due to the presence of fine silt brought into the pond as a

consequence of heavy rainfall and erosion in the watershed. In gen-

eral, visibility decreased from Station I to Station VI, closer to the

shore and under the direct influence of the incoming silty runoff.

Chemical Properties

General Hydrochemistry

Chemical properties of the water surface layer were measured

at monthly intervals from a composite sample. This sample was oh-

tamed by mixing six subsamples collected along each of the trans-

verse axes passing through Stations I to VI (Figure 4). Results are
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presented in Appendix 6 and in Figure 10.

Hydrogen-ion Concentration (pH). The water pH was measured

as soon as possible after I collected and mixed the subsamples. The

delay between sampling and pH-reading never exceeded an hour.

Measurements were electrometrically made with a portable pH-meter

calibrated before each series of readings against a buffer solution of

pH 7.0. Adjustments were made before each reading for temperature

effect.

The pH was more or less alkaline according to the time of the

year. The high value observed in later November might be related

to high photosynthetic activity.

Total Alkalinity (M. O.A.). The total reserve buffering capacity

of the water was measured by the methyl orange indicator method

(8, p. 46). In general, it ranged from 40 to 46 mg/l CaCo3. A very

low value of 25. 6 mg/l CaCo3 was observed December 2 when much

silt was present (Figure 10).

Total Dissolved Solids (T. D. 5.). 1 The total non-volatile solids

were determined on filtered composite samples, from residue on

evaporation. Great variations existed throughout the year. A maxi-

mum value (94 mg/l) was observed in early August. A second peak

(78. 5 mg/l) occurred in early November. Both these values seem to

'Analyses made by the Soil Testing Laboratory, 0. S. U.
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be correlated with mixing of the water mass.

Dissolved Oxygen

I obtained water samples for determinations of dissolved oxygen

content at frequent time intervals by the pump and hose method, se-

curing water from the desired depth, All samples were taken at the

valve station. Oxygen content of the samples was determined by the

unmodified Winkler method (8, p. 207-209).

Selected data are given in Appendix 7 and Figure 9. Emphasis

was put, in the figure, on two particular concentrations of dissolved

oxygen: 5 and 2 mg/l, concentrations which were believed to be of

particular biological importance in natural environments.

The observed fluctuations might then be summarized as follows:

1. Deficiency in oxygen occurred only during the summer and

at depths greater than 3. 5 m.

2. Practically anaerobic conditions (less than 1 mg/l at 19 to

2000) persisted from mid-June until the end of July at depths greater

than 4 to 4. 5 m.

3. Artificial mixing of the water mass by air lift was com-

pletely successful in reoxygenating the bottom water layers in a few

days.

4. Natural general mixing occurred at the end of September.

It was induced by the first rainfalls and the consequent cooling of the
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water mass(Figure 9).

5. During the winter, the whole water mass was well supplied

with oxygen and no value less than 8 mg/i was observed.

Dissolved Inorganic Solids1

Phosphate and nitrate nitrogen contents were obtained monthly

from composite samples collected as described previously. To pre-

vent any change in the nitrogen balance and in the phosphate content

during the transport of the samples, they were frozen in dry ice as

soon as possible after being collected.

The analyses were conducted on filtered samples and the re-

suits tabulated in Appendix 6 and graphed in Figure 10.

Orthophosphate Content (PO4). Determinations of the phos-

phate content were made by the stannous chloride method (8, p. 202-

204). Phosphate concentration generally varied between . 01. and . 02

mg/i. A maximum value of . 024 mg/i occurred at the end of August.

Two minimal values of . 006 were observed in early August and early

January respectively.

Nitrate Nitrogen Content (NO3). Determinations were made by

the phenoldisulfonic acid method (8, p. 175-178). Nitrate concentra-

tion generally varied between . 04 and . 08 mg/i. A maximal value of

'Analyses made by the Soil Testing Laboratory, 0. S. U.
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15 mg/i was observed at the end of February.

Total Net Plankton

Sampling for plankton was done monthly at each of the six sta-

tions (S I to S VI). Ten liters of surface water were filtered through

a small net of No. 20 bolting silk. The sample of plankton was fixed

in five percent formalin and subsequently was concentrated on a

weighed micropore filter. After dessication, I calculated dry weight

of plankton on the basis of weight difference. The average of each

series of six observations was expressed in milligrams of plankton

per cubic meter of water. Results are presented in Appendix 6 and

in Figure 10.
3

Generally total dry weight of plankton did not exceed 300 mg/rn

and varied between 150 and 300 rng/m3. A higher value (538 mg/rn3)

was observed in early August. The lowest dry weight was measured

at the end of September after first rainfall and the development of

vertical mixing currents.

Whi s tier 's Bend Impoundment Community

The littoral zone, typically occupied by rooted plants, might be

considered as extending through the whole pond basin. In fact, the

zone potentially available to rooted aquatic vegetation may be gener-

ally defined by the 4-meter isobath (Figure 4). This zone would



cover 92 percent of the total pond area, at full water level.

The lentic community under study may be subdivided into three

groups: producers (vegetal component), consumers (animal compon-

ent) and decomposers. Only the first two groups will be considered

here. A list of all organisms encountered during the course of this

study is presented in Appendix 8.

Pr frill r 'r o

A list of the aquatic vegetation has been given (p. 23). I estab-

lished that Chara fragilis and Potamogeton foliosus were dominant.

In some areas, however, Nostoc pruniforme was the only conspicuous

form present because particular edaphic conditions (yellow plastic

clay or gravel) eliminated all competition from any other higher

form. I believe this to be a temporary situation.

Very few observations were made concerning the phytoplankton.

In general, diatoms were dominant in winter. Green algae (Spiro-

gyra, Zygnema, Volvox. . .) and blue-green algae (Anabaena,

Oscillatoria. . .) were dominant in summer. Ceratium ( a dinoflagel-

late) was generally well represented.

( n TI ' 11 TYl V Q

The animal component of the community was dominated by

Arthropoda and Chordata. Some Oiigochaeta (tubificids) were col-

lected from time to time. Moliusca, collected mostly from Chara
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beds, were not too common during the study. Their abundance

greatly increased in summer 1963.

Arthropoda: Acari, Crustacea and Insecta.

Very few acarians were observed. Crustaceans were dominant in the

zooplankton the bulk of which was composed of Cladocera and Cope-

poda. Numerous Ostracoda were observed particularly from May to

October 1962. Aquatic insects belonged mainly to the nekton and

benthos subcomrnunities. The neuston, represented by members of

the Gerridae and Gyrinidae families, was mostly found associated

with rocks along the dam, the raft and the floating boat dock built of

logs.

Chordata: Pisces, Amphibia, Reptilia, Ayes and Mammalia.

Pisces: The dominant species, artificially introduced,

was Salmo gairdneri, the steelhead trout. Other species were acci-

dentally introduced while pumping water from the North timpqua Riv-

er. They were very small (10 to 15 mm long) when they entered the

pond. Most of them stayed in the spillway after the pump was shut

off, They were trapped in pools and died. A few were captured in the

trap net or while seining. 1 At the time of draining only 32 non-steel-

head trout fishes were recorded.

Amphibia: Two amphibians were very common.

'A total of 54 dace, 16 shiners and 12 squawfish were captured
when trapping.



Taricha granulosa (Skilton), the rough-skinned newt, was relatively

abundant. It was mostly confined to the northern corner of the pond

where hundreds were caught in the trap net during the summer

months. Rana catesbeiana Shaw, the bullfrog, was also relatively

abundant. It was observed mainly in the upper end of the pond where

better shelter was available. Bullfrogs were also common among the

floating leaves of Potamogeton pectinatus, present in scattered patches

a few meters in diameter (Figure 7).

Reptilia: only a few individuals were recorded.

Ayes: many birds were attracted by the body of water and

particularly by the presence of fish. Fish predators will be discussed

in a later section (p. 51). All were permanent residents in the North

Umpqua River area. Other aquatic birds were observed only season-

ally. Ducks, geese and coots were observed in fall and winter using

the pond as resting and feeding area. The epilittoral zone of the im-

poundment was intensively grazed by resident kildeer and seasonal

snipe.

Mammalia: Procyon lotor (L.), the raccoon, was rarely

observed. More common were sheep and cows mainly utilizing the

reservoir as water source. Cows, however, were observed during

the summer, grazing on Juncus in the upper part of the pond. Excre-

ment was frequent around the impoundment, in the water or in its

immediate vicinity. Although not checked, I think that bacterial
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activity was relatively high in summer and fall in areas of shallow

water where this fecal material was regularly deposited.
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PART II--BIOLOGICAL OBSERVATIONS

FISH POPULATION

Fish Cultural Facilities

The impoundment was filled with water pumped to the spiliway

area from the North Umpqua River through a pipe-line approximately

430 m long. The pump discharge varied between 0. 056 and 0. 071

per second (Figure 11).

We controlled the water level in winter to prevent flow over the

dam by using the spillway and the outlet (Figure 3). The latter was a

60 cm-diameter corrugated pipe equipped with a sliding valve. Fish

were controlled by rotating screens on the spillway (Figure 11) and a

fish trap at the outlet (Figure 4).

At the end of the rearing period the impoundment was complete.-

ly drained except for the stream channels and some puddles. Water

and fishes were led through the dam by the outlet pipe into the

screened fish trap.

Fish Cultural Practices

Pre-impoundment Period

The parental stock was composed of four- to five-year old sum-

mer steelhead (S. gairdneri) captured in the North Umpqua River, at
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the Winchester ladder, from July 6to August 30, 1961. The fish

were held in a brood pond at Rock Creek Hatchery about 20 km east

of Whistler's Bend.

Artificial spawning occurred in late February and early March,

1962. The embryos were incubated in warmed water (8.4 to 12. 8°C)

and hatched about April 10, 1962. Feeding of the fry with a liver diet

started two weeks later.

The impoundment had been drained in early April 1962 and

chemically treated to kill any residual trout. The water level there-

after rose very slowly as already mentioned (Figure 8). Pumping be-

gan on April 12 and by the end of May the water level was minus 130

cm and only 65 percent of the total area was underwater. At the end

of June the water level was minus 60 cm and 80 percent of the im-

poundment area was flooded.

Stocking Period

The first stocking occurred on May 28 when the fish were 48

days old. Delayed mortality was estimated from two samples of

about 400 fish each held in live-boxes for 72 hours. The other

groups of fish were stocked on June 20 and June 22 respectively.

Fish were transported from the hatchery by truck in which water

was kept refrigerated at about 10°C. Stocking data are summarized

in Table 2.



Table 2. Stocking of the impoundment.

Date Total stocking Delayed mortality Net stocking
1962 Mean weight Total number Total number Estimated number

of fish, g

May28 .296* 94,922 1.08 1,025 93,897

June 20 (.500)** 2,140 (1.08)** 23 2, 117

June22 .696 9,440 29,6 (917)*** 6,571

Net Total Stock: 102, 585

* From 207 sampled fish, individually measured (Appendix 9).
** Estimated - No data available.

*** Includes 75 fishes dead during the transport.

Fish were released in the impoundment at both ends of the dam

where surface water temperature was 20°C.

The area underwater on May 28 being 85, 000 m2 (water level:

minus 140 cm), the initial stocking rate amounted to 1. 1 fish per m2

(Table 2). This was equivalent to an initial biomass of 0. 33 g/m2,

assuming a uniform distribution of the individual fish in the pond. As

discussed later, this was never the case, especially not when river

water was still running in the spillway.

Rearing Period

During the rearing period from June 1962 until end of March

1963, cultural practices were confined to the following:

1. Filling of the impoundment until July 31.

2. Predator control, discussed later.



3. Temperature and dissolved oxygen measurements.

4. Water level control to prevent any flood.

5. Artificial mixing by air lift (August 1 to August 18).

Draining Period

Draining began on March 16, 1963 and ended with removal of

the fish population from the impoundment on March 25, 1963. Fish

were held in the fish trap through which flowed Umpqua River water.

A random sample of the fish was measured and weighed and marks

were identified and counted for population size estimates. All fish

were marked by clipping adipose and ventral fins. Fish were anaes-

thetized in a solution of tricaine methanesulfonate (MS 222) before be-

ing handled. They were able to recover in the fish trap before being

transported by truck to the North Umpqua River and released.

Data concerning the draining results are summarized in Table

3. A total of 39, 078 yearling trout were cropped. Thirty-six mis-

cellaneous trash fish were recovered. Also 21 adult bullfrogs and

about 600 kg of tadpole were captured.

Table 3. Number of marked and unmarked trout recovered at draining.
Mark Number

Ad 528
RV 269
LV 718
AdRV 657
AdLV 637
BV 1,205
None 064
Total 39,078
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Fish Movements

The areas of the impoundment where observations on move-

ments of fish were made will be referred to by the corresponding

insect trap number (Figure 4). On May 28, several thousand trout

fingerlings were released in area 11 at the southwestern end of the

dam. As soon as the fish were put into the pond, they showed very

great activity, particularly by swimming independently along the edges

of the pond for very long distances. Several individuals were ob -

served that crossed the impoundment by swimming along the dam in

about 30 minutes. It appeared that most of the fish remained near

area 11, and demonstrated schooling behavior.

Another batch of fish was released on the same day at the oppo-

site end of the dam, in area 4. Since river water was being pumped

into the spillway, there was a current in this area and the newcomers

were attracted to it. This concentration of fish in the spillway en-

trance persisted as long as water was pumped from the river (July 31).

On June 11, several hauls with a 30-meter seine were made

around the impoundment. Great concentration of fish about the spill-

way entrance was confirmed. Fish were also abundant in area 11

(150 fish per haul), especially near the dam where rocks may have

been used as shelter. Very few fish were recorded from other loca-

tions.



One month later, on July 9, most of the fish were observed

concentrated in the spiliway area (203 fish per haul), while at the

opposite site (area between 1 and 11), their abundance had decreased

(83 fish per haul). I believe that they progressively spread all along

the southwestern edge of the pond through the luxuriant submerged

vegetation which characterized these areas. They were observed as

rather numerous (78 fish per haul) in the upper end of the pond.

After the cool water supply was shut off on July 31, fish from

area 4 quickly dispersed all around the lake. In August and early

September trout could be found feeding all along the edges, particularly

in the evening.

From the trap net catch records (Table 4), it would appear that

the trout population was constantly moving around the impoundment1

mainly through the shallow areas. The Oneida Lake trap net was

highly efficient during the whole rearing season. Table 4 shows that

this efficiency in general varied between 46.7 and 71. 9 fish per hour.

Lower values were observed only in mid-September and early October.

Table 4. Efficiency of trap net in capturing juvenile trout.
Date Hours Fishing Number of fish Average number

1962-1963 captured of fish per hour
10 August 48 3,449 71.9
13 September 60 2, 131 35. 5
5 October 24 838 34. 9

29 October 48 2, 616 54. 5
12 December 44 1, 985 46.7
31 January 56 2, 611 49.2
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The opening of the outlet valve for water level regulation re-

suited in the capture of very few fish in the outlet trap. Only about

one hundred fish moved through the outlet pipe during the first five-

meter drop in water level. During the draining period, fish showed

a tendency to swim against the current into tributary channels. There

they hid in pools, under rocks and particularly under the roots of the

riparian vegetation found along Bull Creek.

Since the water level dropped slowly few fish were trapped in

the aquatic vegetation and in the puddles.

Diseases and Parasites

The trout population was particularly healthy. No disease was

recorded and no parasite could be found internally or externally on

individuals dissected for stomach content analysis. Saprolegnia was

occasionally observed on wounded and mutilated fish.

Pvr1 H (')11

Predation certainly existed at both intraspecific and interspe-

cific levels. The latter type was of greater impact on the trout popu-

iation.

Intraspecific predation or cannibalism was rarely observed.

Analyses of stomachs from 203 trout captured at regular intervals,
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only in one instance revealed that fish had been used as food. In this

case I could not determine whether the prey was a trout or not. No

residual trout from the preceding rearing period were present. The

chemical treatment of the impoundment was completely effective.

Inter specific predation was defined as the type of interaction

between two species in which 'tone population adversely affects the

other by direct attack but is dependent on the other" (87, p. 225).

During the 1962-.63 rearing period, juvenile trout were preyed upon

by the following predators: Rana catesbeiana (bullfrog), Clemmys

marmorata (Pacific terrapin, turtle), Podilymbus podiceps (pied-

billed grebe), Mergus merganser (Common merganser), Megaceryle

alcyon (belted kingfisher), Ardea herodias (great blue heron),

Casmerodius albus (greater egret) and gulls (unidentified).

Table 5 shows the relative occurrence of those species as ob-

served on the impoundment during the rearing period.

Data in Table 5 might indicate that the most important predators

were mergansers, kingfishers and herons. The latter were present

practically every day at dawn and sunset, actively feeding in the upper

end of the impoundment. Heron are known to feed intensively on fish.

Mergansers have been reported to consume an average of about one

pound of fish a day (34, p. 80). The fishing success of kingfisher

is smaller but every individual trapped had at least one trout in its

stomach.
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Table 5. Occurrence of trout predators at the impoundment.

Period2 Bullfrog Terrapin Grebe Merganser Kingfisher Heron Gull
1962-63 Egret

Jun 1 14 3* 7* 2*, 3*

2 105 id
Jul 1 21 1 id 1+1*

2 103 2+7* 1* Id 1*

Augl 3 1 1* 7 id 2

2 63 1+1* 3 Id
Sept 1 15 1+2* 2*

2 30 3 2*

Oct 1 12 1+1* 2+1* 3+5* 1 4*

2 6 2 1 2*

Novi 8 3 2*

2 1* 1

Deci 1 1 1

2 1* 6* 1*

Jan 1 2*

2 1*

Feb 1 2*, 3*, 8*+1 1*

2 1*

Mar 1 1*

2 2 8*

Total seen ? 15 11 40 23 (?) 6

Total killed 383 4 5 5 21 0 4

1 Based on weekly reports by Don Wi1coxen care-taker.
periods: 1 = 1st to 15th day; 2 = 16th to last day of the month.

* Seen on the pond but not killed.

To this list, one raccoon (Procyon lotor) must be added. It was

trapped and killed during the second period of February, but no proof

existed that it had in fact preyed upon trout.

Predators were controlled as much as possible either by shoot-

ing or trapping. Snap traps placed at the top of poles and dispersed

around the edge of the pond were particularly successful in catching

kingfisher. As may be seen from Table 5, the control was nearly
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totally effective for the latter. Bullfrogs were greatly reduced in

number by shooting. Merg.nsers were very difficult to approach and

it was impossible to kill any heron. In general, predators that could

not be killed were frightened and kept off the pond during daylight.

The Bullfrog as a Fish Predator

Stomachs of bullfrogs killed during the rearing period were ex-

amined. Results are summarized in Table 6.

Table 6. Trout occurrence in bullfrog stomachs.
Number of stomachs Fish

Month examined Number Occurrence
Observed %

June 119 2 1.8
July 124 10 8. 1
August 66 13 19. 8
October 18 3 16.7
November 8 1 (12. 6)

Occurrence of trout in bullfrog stomachs was greatly increased

in August, at the time when fish dispersed all around the edges and

became available to the frogs concentrated in the upper shallow half

of the pond. No data were available for September. The occurrence

of trout was still high in October. From November until March the

bullfrogs hibernated and activity suddenly decreased.
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Competition

Competition will be used in the present case in the restricted

sense proposed by Andrewartha and Birch (10, p. 22): ". . . competi-

tion occurs whenever a valuable or necessary resource is sought to-

gether by a number of animals (of the same kind or of different kinds)

when that resource is in short supply, or if the resource is not in

short supply, competition occurs when the animals seeking that re-

source nevertheless harm one another in the process. H With this del-

inition in mind, I had to consider successively two types of interac-

tion, intraspecific and interspecific competition.

Competition between trout juveniles, if existent, most probably

would be for space or for food. It seemed unlikely that competition

for living space ever took place because of the relatively low stocking

rate and small reared biomass (less than 3. 1 g/m2 during most of the

rearing period). Competition for food will be discussed later.

Competition between trout fingerlings and other species of the

community, if present at any time, occurred only for food. As will

be discussed later, this interaction most likely originated from bull-

frogs and insectivorous duck and coot species.



FISH POPULATION - STATISTICS

Length-weight Relationship

Lengths and weights were obtained at biweekly intervals from

fish collected with a 30-meter seine (6 mm mesh) or drawn at random

from catches in the trap net. Sample size varied from 54 to 218 mdi-

viduals depending upon the difficulty involved in catching fish.

Before being measured, the fish were anaesthetized in a weak

solution of tricaine methanesulfonate (MS 222). Fork lengths were

measured to the nearest millimeter. Excess water was then removed

from the fish with blotting paper and live weight was determined to

the nearest . 1 g on an automatic, single-pan balance.

The length-weight relationships for each sample and for all

samples grouped together were then calculated by electronic cornput-

ers at the Statistics Department, 0. S. U.

The general relationship W = aLb where W is weight in grams,

L fork length in centimeters, a and b estimated constants, was

logarithmically expressed as: log W = log a + b log L. The con-

stants fla" and ltbH were then obtained by linear regression analysis

applied to the logarithms of lengths and weights. Standard errors

for b" (Table 7) and correlation coefficients "r' (64, p. 244-308)

were also calculated. Results are presented in Appendix 9 which
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gives the values of a, b, and r for each sampling date and for the

whole year (2092 observations).

The general relation between fork length and live weight of the

steelhead trout fingerlings raised in 1962-63 was as follows:

log W -2. 07156 + 3. 05954 log L

or W 0. 00245 05954

W being live weight in grams and L fork length in centimeters.

The value "b = 3" is known as characterizing a fish having an

unchanging body form, unchanging specific gravity and thus growing

isometrically (95, p. 191). As seasonal fluctuations occurred in the

values "a" and fb (Figure 12), the observed b-values were statistic-

ally tested to determine if they significantly differed from the value 3,

in which case seasonal allometric growth took place. Confidence in-

tervals (95 percent) were also calculated (64, p. 282).

Results are grouped in Table 7 and graphed in Figure 12.

Only nine periodic b-values were significantly different from 3.

On June 25, in spite of a relatively high sampling error b = 3.715

was significantly higher than three. All the other significant b-values

were lower than 3, occurring mostly from November until mid-Janu-

ary.

The annual mean b-value was also found significantly slightly

higher than 3, attesting that allometric growth took place on the

average.
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Table 7 Test of hypothisis ( '3 and confidence limits forb,

Date Sample b Standard t-value1 95 percent confidence
1962-63 size error limits

bL bU

28 May 207 2,892 . 159 0,68 2. 58 3.20
12 June 74 3.291 .182 1.60 2.93 3.66
25 June 100 3.715 .283 2.53* 3.15 4.28
l4July 112 2.938 .095 0.65 2.75 3.13
27 July 69 3.035 .052 0.67 2.93 3, 14
15 Aug 100 3.089 .051 1.75 2.99 3.19
4 Sept 100 2.982 .080 0.23 2. 82 3. 14

28 Sept 83 2.685 .093 3. 39** 2. 50 2.87
13 Oct 109 2.931 .110 0.63 2.71 3.15
26 Oct 99 2.914 .047 1.83 2.82 3.01
16 Nov 99 2.824 .053 3.32** 2,72 2.93
3ONov 112 2.742 .069 3,74** 2.60 2.88
17 Dec 152 2.500 .110 4,55** 2.28 2.72
4Jan 79 2,806 .047 4,12** 2.71 2.90

18 Jan 54 2.761 .043 5,55** 2,67 2.85
31 Jan 100 2,973 .043 0.64 2.89 3.06
l4Feb 122 2.830 .059 2.89** 2.71 2.95
28 Feb 103 2.906 .067 1.40 2.77 3.04
25 Mar 218 2,866 .045 2.97** 2.78 2.95
Year 22_ 3. 060 . 009 6. 67** 3. 04 3. 08

= (b - 3 )/ standard error.
* Significant at the 5 percent level

** Significant at the 1 percent level

Condition

The condition factor K was calculated for each sampling date

from data on fork length and live weight.

The fish were grouped in each sample by 5 mm length classes

and the condition factor for each length class was obtained by elec-

tronic computer by use of FultonTs formula:



K 100W
FL

where W was mean weight in grams and L average fork length in

centimeters for the considered length class (ill, p. 628).

To obtain the average condition factor for the whole sample, I

eliminated the class effect by weighting each class condition factor

by the frequency of the class and dividing the total of these products

by the sample size, as follows:

c
n.K.

K i1sample =
¼-

1
1=1

where n. was frequency of length class i, K. condition factor of

class i and c the number of classes present.

The variance of each average condition factor was calculated

according to the following formula:

C

n.s.11- 1=1V(K) =
2

n.)
1

1=1

where s represented the variance of K. The square root of the

variance was then used as standard error to calculate the 95 percent

1Data on length frequencies are presented in Figure 14.
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confidence limits for each average K (64, p. 146). Results are pre-

sented in Appendix 9 and Figure 12.

The average condition factor ranged from . 888 ± . 013 to

1. 143 ± . 033 remaining higher than 1 during summer and lower

than 1 during winter. The sampling error was generally less than

3. 5 percent. Rather large errors affected the four first values

(May 28 to July 15) because of the large variability of condition oh-

served for fish of different length classes. The variability probably

was related to the spatial distribution of the fish in the impoundment,

the pond edges becoming more and more uniformly colonized during

the last part of July. The condition of the fish sampled in front of

the spillway was supposedly different from that of fish of same size

sampled in the upper part of the pond or in area 11 as result of the

greatest degree of competition for food and space existing in the

spillway area as will be discussed later on.

A general trend toward an increasing condition index was appar-

ent from the date of stocking until late in July, after which condition

was stable for the next two months. A rather constant decrease then

took place until late in January when condition started to increase

slowly.

Chemical Composition of Fish

I used part of the fish sample obtained in seining and trapping to



estimate the chemical. composition of the fish population. Sample

size varied from 10 to 25 individuals, according to their average

weight.

The fish were chosen at random, measured and weighed,

wrapped together in aluminum foil, placed in a plastic bag from

which air was expelled as much as possible and quickly frozen alive

in dry ice. They were kept in this frozen state until the analyses

could be performed. Percentages of dry matter, crude protein and

crude fats were determined according to standard analytical methods

described in 54 (protein: Kjeldahl method; fats: continuous ether
1extraction method)

Results are shown in Appendix 10 and Figure 13. During the

first summer fats and dry matter increased while proteins decreased.

No observations being available for the period between September and

January, hypothetical trends based on results reported in the litera-

ture were adopted (83, p. 210). In February, a great decrease in

proteins was recorded while dry matter and fats slightly increased.

A sudden inversion of the latter relation occurred in March, at the

end of the rearing period.

'Analyses performed by Dept. of Agricultural Chemistry, 0 S U.
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Growth

Characteristics of growth in length (fork length) and in weight

(live weight) were computed from the same data as those used to cal-

culate the length-weight relationship. The mean, its standard error

and 95 percent confidence interval were successively obtained by

standard statistical methods (64) for length and weight samples. Re-

sults are presented in Appendix 11 and Figure 15.

The relative frequency of the length classes present in each

sample was graphed in Figure 14. During periods of reduced growth,

in October or January for example, most of the observed growth hap-

pened in the small to average fish.

Following the method presented by Ricker and Foerster (96, p.

180-181), I computed instantaneous growth rates for semimonthly

periods as shown in Appendix 12, columns 3 to 6. Results are

graphed in Figure 15.

The semimonthly instantaneous growth rate decreased from

time of stocking until the end of September when it reached a value

of zero. After September, growth rates remained lower than 0. 1,

showed more fluctuations, and even took negative values on two

occasions (late October and late January).

The sum of the semimonthly instantaneous growth rates is the

instantaneous growth rate for the rearing period (302 days), and
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equalled 3. 593. The greatest part of the total was contributed in

summer and when the fish were small in size:

Period g Avg. daily rate

28 May to 15 September 3. 155 . 028
15 September to 25 March 0.438 . 002

Population Size

Method

65

The size of the trout population was estimated six times between

the date of the first stocking (May 28, 1962) and the draining date

(March 25, 1963). 1 used a modification of the Petersen method (95,

p. 84) in an attempt to get several estimates of the population at the

time of marking. At each of these times a different mark was added

to the trout population in the impoundment while previous marks were

checked.

The fish population was sampled either by seining in several

different locations or by trapping the fish. The latter method was

preferred as soon as the size of the young trout permitted the use of

the trap net. The size of the sample was dictated by fishing success

and varied from about 1 to 13 percent of the estimated population

pr e s e nt.

The fish to be marked were first anaesthetized in MS 222.

The mark was then applied by clipping one or more fins. Adipose



(Ad), right ventral (RV) and left ventral (LV) fins were successively

used as indicated in Appendix 13. All the fish of each sample were

kept for 24 hours in a floating live-box to determine delayed mortality.

They were then released at the place of capture.

Population estimates were calculated by use of Petersen's

formula adapted to our case:

"MC
N

R

where M was the number of fish marked and released alive, C the

total catch at recapture, R the number of marked fish at recapture
A

and N the estimated size of the fish population at time of marking.
AWhen R was smaller than 50, 95 percent confidence limits for N

were obtained by treating R as a Poisson distribution and using the

graphic method (1, p. 18). When R was greater than 50, the two

limits were calculated from the following equations as recommended

by Ricker (92, p. 74):

Results

RLR+l.421.96Lt+0.5
Ru = R + 2.42+ 1.96 FR + 1.5

Population estimates at the successive recaptures are given in

lix 13. More detailed statistics are presented in Appendix 14
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for the estimated values used to plot Figure 16. Starting and ending

points of the curve were discussed in an earlier section when stocking

density and results at draining were presented. Later stockings on

June 20 and June 22 were indicated in Figure 16 by the vertical shift

of the population curve at that time.

Discussion - Justification of the Population Curve Adopted

The chief conditions to be fulfilled if one wishes to obtain a re-

liable estimate of a population by any mark-and-recapture method

were discussed by Ricker (95, p. 8610O). They can be summarized

as follows:

1. No recruitment occurs between the time of marking and the

period of recapturing.

2. Marking has no effect either on natural mortality or on

vulnerability to the gear used for recapture.

3. Marked fish become randomly distributed in the population

before recapture takes place.

4. Marks are not lost.

Each of these conditions has to be considered successively

from the point of view of the present study if I wish to justify the

adopted population values.

1. Recruitment: No recruitment took place in the impound-

ment at any time.
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2. Differential Mortality and Vulnerability: A difference in

vulnerability of marked and unmarked fish probably did not exist in

the present case. The marked fish were originally part of the popu-

lation being estimated. Behavior was assumed back to normal at the

time of each of the adopted dates of recapture (at least 25 days after
release). Movement of the marked fish was observed as identical to

that of the unmarked ones ten days after being released from the live-.

box.

Generally marking induces extra mortality among the marked

fish. As a direct consequence, the population estimates are too

great. Differential mortality may result either directly from the

mark itself or indirectly from the physical and physiological stresses
inherent in any capture and marking operations.

The average daily instantaneous mortality rates (assuming a

constant rate of mortality) were computed for the marked and Un-

marked fish, based on the number of fish released and subsequently

recovered at draining (Table 8). It appears that mortality was sub-

stantially greater than average (.003) for AdRV and AdLV-marked

fish. I conclude that differential mortality existed for these two

groups of fish and that the population estimates derived from them

should be considered as too high (Figure 16).
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Table 8. Differential mortality of marked fish.
Mark Days between marking Number of fish Mortality observed

Type and draining periods Released at Recovered at Avg. daily
marking draining rate

Ad 283 997 528 ..002

RV 256 984 269 .005
LV 226 1,894 718 .004
AdRV 191 2, 047 637 .006
AdLV 147 1,500 657 .006
BV 101 1,550 1,205 .002

Statistical procedures were used to determine if the proportion

of marked fish recaptured at times of successive trapping (Appendix

13) differed significantly from each other. The hypothesis that the

proportions of recapture (R/C) were equal was tested by a method

applying to binomial populations and known as I!test of homogeneity

of means (64, p. 413-415). Results of these tests are summarized

in Table 9.

Table 9. Test of homogeneity of means for recaptures.

Type of Number of s2* X2 observed
(2 significant level

mark* observations p . 05 . 01

Ad 8 .01281 11.9 14.1
RV 7 . 00875 331. 6*** 16. 8
LV 6 . 01913 22. 1*** 15. 1
AdRV 5 .01783 577*** 13.3
AdLV 3 .01689 3. 1 6.0

*BV type is not included because of the inadequate number of
observations.

2Poo1ed estimate of o
C**Significant value at the 1 percent level.
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It was concluded that for three types of marks (RV, LV and

AdRV) the proportion of marked fish recaptured varied with time.

No evidence of this phenomenon could be significantly established for

Ad and AdLV marks.

New multiple range tests were then performed to determine

which of the population means were significantly different from one

another (64, p. 238-241). Since sample sizes varied from one re-

capture to the other, I decided to base the standard error of the

means on only the two smallest sample sizes of each observation

series. This standard error (S. E,) was obtained as follows:

S.E. /2(1
+P\/Pfl1 n2

where was the pooled estimate of (Table 9), n1 and n2 were the

sizes of the two smallest samples. The number of degrees of free-

dom of was considered as infinity. Results can be summarized
p

as follows:

Type of Mark S. E Significant Differences
(5% significance level)

LV . 00422 None
RV . 00325 First observation vs. all others
AdRV . 00542 First observatIon vs. last one

It is concluded that:

1. For the LV mark no significant difference could be detected
between the proportions of fish recaptured at various dates.
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2, The proportion of RV-marked fish recaptured on July 13
was significantly higher than the proportions recaptured later on.
This was due to the non-random mixing of the marked fish within
the unmarked population, still existing two days after release (July 11.

3. For the AdRV series of observation, the proportion of
marked fish recaptured on October 5 was significantly lower than the
proportion observed at the draining. No explanation can be offered.

An unusually high population estimate was made for October 28

(Appendix 13 and Figure 16). As previously seen, no significant dif-

ference in the proportion of recaptured marked fish could be detected

(AdLV, Table 9). The average daily rate of mortality of AdLV-

marked fish however was observed as relatively high (Table 8). Con-

sequently the population estimates were considered as too high and

disregarded in the tracing of the curve (Figure 16).

3. Random Distribution of Marked Fish: The time for marked

trout to become randomly distributed within the population was

checked from August 8 to August 24, 1962.

Release of 1894 fishes marked LV occurred on August 11

(Appendix 13) in area 4. The first recapture by trap net, at the lo-

cation of release, began on August 13 in the evening. Further re-

captures were made the following days. Fish captured at night were

examined for LV marks the next morning and immediately thrown

back into the impoundment. The trap net was closed after fish were

handled and reopened in the evening preceding the following check.

When the ratio of unmarked to marked fish seemed to have reached
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stabilization, the trap net was displaced to another area of the reser-

voir (area 13). Recaptures occurred there for one day and two nights

and fish were checked on August 22 and 23, 1962. Results are shown

in Table 10.

Table 10. Length of time necessary for marked trout to become
randomly distributed.

Place of Date Number of Fish Ratio
recapture* August 1962 Unmarked Marked (U/M)

(U) (M)

14 2080 97 21.5
15 1050 35 30.0

Area 4 16 1139 43 27.4
17 933 25 37.3
20 1733 44 39.4

Are l3' 22-3 4143 41.8
* Area defined according to the closest insect trap (Figure 4).

I concluded that the degree of mixing of marked fish within the

rest of the population did not occur earlier than ten days after re-

lease. Even then, it may be that random distribution was not yet

completely attained. But observations had to be stopped because of

increasing percentage of mortality because of very warm weather

conditions.

4. Loss of Marks: Loss of marks, due in the present case to

regeneration of clipped fins, were reduced as much as possible by

cutting fins closely to the base and by use of trained personnel to

examine recaptures.



74

Conclusion: It may be concluded from the four preceding points

that during my study the two major factors to be considered in sti-

mating population sizes were random distribution and differential

mortality of the marked fish. First recaptures for Ad, RV, LV and

AdRV marks had to be disregarded because of incomplete mixing.

The second recaptures (detailed in Appendix 14) were used in the

computations so as to reduce differential mortality to a minimum.

For BV marks, first recapture could be used because trapping oc-

curred about 45 days after the fish were released. The reason for

AdLV marks giving a very high estimate was discussed previously.

The population curve shown in Figure 16 follows from the preceding

discussion.

Survival and Mortality Rates

Survival and mortality rates were computed as follows:

1. Population sizes (N) were obtained from the population curve

shown in Figure 16, at regular semimonthly intervals.

2. Survival rates (s) were estimated by the ratios of the suc-

cessive sizes of the population during the period considered.

3. Semimonthly instantaneous rates of mortality (i) were then

read from the table of exponential functions given by Ricker (95, p.

272-278, Columns 3 and 1).

Results are presented in Appendix 12. They show that,
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exclusive of delayed mortality already accounted for, instantaneous

mortality rate of the young fish during their first two weeks of life in

the impoundment amounted to about 12 percent. The rate slowly de-

creased during the rest of the rearing period. The overall survival

rate of 38. 4 percent corresponded to an instantaneous mortality rate

for the rearing period (302 days) of O.96. The discrepancy between

this value and the sum of the semimonthly instantaneous rates is ex-

plained by the approximation of the latter data to two decimals only.

The actual total mortality rate or coefficient of mortality "a"

was equal to 61. 6 percent. 1

Net Production of Juvenile Steelhead

Net production of fish in a body of water is defined as the total

quantity of tissue elaborated during a fixed period of time, regardless

of the fate of this tissue (24, p. 325_328)2. Consequently, the net

production of the trout population in the impoundment is the sum of

the growth made by all its members. It can be estimated, for each

of the semimonthly intervals previously considered, by the product

of the instantaneous growth rate during a given time interval and the

average biomass of the population present during that same interval

1
a (N - N )/N = 1 - s (95, p. 18).t 0 0

2Synonym for the term "production" used by Ricker (95, p. 20)
and Ivlev (56, p. 7). "Net" emphasizes the fact that catabolic losses
have been deducted.



76

(96, p. 186).

Such computation was made in Table 11. Biomass was obtained

by multiplying individual weight by population size (Appendix 12, col-

umns 3 and 7). Average biomass, W, was taken as the arithmetic

mean of the initial and final biomass for each interval (95, p. 209).

I then obtained estimates of net production by multiplying instantane-

ous growth rate, g by average biomass, W.

From mean water level data (Figure 8), mean area underwater

during each period of time was derived from the hypsographic curve

of the reservoir (Figure 5) and net production was then expressed in

g/m2 (Table 14). Results are graphed in Figure 17.

Net production per 15-day period reached a peak of 0. 743 g/m2

during the last period of July. Then it decreased constantly to be-

come nil in late September. Fluctuations then occurred during the

rest of the rearing period. Net production never reached 0. 3 g/m2

again. Negative production was observed in late October and most

of January. Total production for the rearing period was estimated at

618. 9 kg or 5.3 g/m2.

Production was concentrated during the summer. In 111 days

about 75 percent of the tissue elaborated in 302 days was formed.

This occurred in spite of comparatively low production from late June

to early July.

'UNet production and 'production' will be used in synonymy
from now on.



Table 11. Computation of relative biomass, net production, mortality and net change in biomass per m2 in successive 15-day periods.

W Instantaneous
Biomass Average Growth Mortality Net production Mortality Net change

Date in grams biomass rate rate
1962-63 g (g) (i) g g g

28 May 27, 52, 725 1. 144 0, 12 60, 317 6, 327 +53, 990
15 June 77,655 90,178 .336 .06 30,300 5,411 +24,889
25 June 102, 700

105,226 114,353 .203 .04 23,214 4,574 +18, 640
iJuly 123,480 147,515 .405 .08 59,744 11,801 +47,943

15 July 171, 209. 237 .440 .08 92, 064 16, 739 +75, 325
1 Aug 246,924 276,174 .286 .07 78,986 19,332 +59,654

15 Aug 305,424 333,117 .226 .06 75,284 19,987 +55,297
1 Sept 360, 810 371, 125 . 115 .06 42, 679 22, 268 +20, 411

15 Sept 381, 440 375, 056 . 000 .06 0 22, 120 -22, 503
1 Oct 368, 672 359, 896 . 076 05 27, 352 17, 995 + 9, 357

15 Oct 351, 120 735 -. 030 .05 -10, 342 17, 237 -27, 579
lNov 338,350 338,375 .051 .05 17,257 16,919 + 338

15 Nov 338,400 341,010 .058 .04 19,779 13,640 + 6,139
1 Dec 343,620 350,561 .078 .04 27,344 14,022 +13, 322

15 Dec 357, 501 361, 892 . 097 . 03 35, 103 10, 857 +24, 247
iJan 366,282 362,021 .018 .03 6,516 10,861 - 4,344

15 Jan 357, 760 353, 460 -. 080 . 02 -28,277 7, 069 -35, 346
lFeb 349,160 351,580 .085 .02 29,884 7,032 +22, 853

l5Feb 354,000 357,713 .005 .01 1,788 3,577 - 1,788
iMar 361,425 369,853 .055 .01 20,342 3,699 +16,643

15 Mar 378, 280 382, 685 . 025 .00 9, 567 0 + 9, 567
25 Mar 387, 090

Rearing period (302 days): 3.593 0.98 618,901 251,467 (367,434)

-4
-4



Table 12. Computation of relative biomass, net production, mortality rate and net change in biomass per m2 in successive 15-day periods.
Mean water Mean water Average Net production Mortality Net change

Period level* area bioniass
1962-1963 cm m2 g/m2 g/m2 g/m2 g/m2

28 May- l5June -122.5 89,500 .589 .674 .071 + .603
lSJune-25June -91.5 97,650 .923 .310 .055 + .255
25 June - ijuly - 69.0 105,250 1.086 .221 .043 + .178

iJuly -15 July - 46.0 113,650 1.298 .526 .104 + .422
l5July- lAug - 21.0 123,900 1.689 .743 .135 + .608
lAug- l5Aug -14.0 127,250 2.170 .621 .152 + .469

iSAug- iSept - 21.5 123,700 2.693 .609 .162 + .447
1 Sept-15 Sept - 27..5 121,150 3.063 .352 .184 + .168

15 Sept- 1 Oct - 33.5 118,500 3.165 .000 .187 - .187
1 Oct - 15 Oct - 38.5 116, 400 3. 092 . 235 . 155 - . 080

15 Oct - 1 Nov - 41.0 115,450 2.986 -.089 .149 - .238
lNov- l5Nov - 33.5 118,500 2.855 .146 .143 + .003

lSNov- iDec - 7.5 130,300 2.617 .152 .105 + .047
1 Dec - 15 Dec + 5.0 135, 750 2.582 . 201 . 103 + .098

15 Dec - iJan 0 133,200 2.717 .263 .082 + .076
1 Jan - 15 Jan 0 133, 200 2. 718 . 049 .082 - .033

15 Jan- iFeb 0 133,200 2.654 -.212 ,.053 - .265
iFeb- 15 Feb 0 133,200 2.639 .224 .053 + .171

lSFeb- iMar + 2.5 134,600 2,658 .013 .027 - .014
1 Mar - 15 Mar + 2.5 134, 600 2. 748 . 151 .027 + . 124

15 Mar - 25 Mar -225.0 67, 500 (5. 669)** . 142 . 000 + . 142

Rearing period (302 days) 2.474 5. 331 2.072 +3, 259

* Water level zero refers to a full reservoir without spill.
** Not included in the general average bioniass.
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Mortality

Semimonthly mortality was computed by a method similar to

that described for net production. Average biomass, W, was multi-

plied by the corresponding instantaneous mortality rate, i (Table 11).

Mortality per square meter was then obtained from data on water

area. Results are presented in Table 12 and Figure 17.

Periodic mortality reached maximal values in September (0. 184

to 0. 187 g/m2), then decreased in a rather constant manner until

draining. Total mortality for the rearing period was estimated at

251. 5 kg or 2. 1 g/m2.

Seasonal changes in mortality were not pronounced.

Summer (111 days): 106. 5 kg or an average of 960 g/day.

Fall and Winter (191 days): 144.9 kg or an average of 600 g/day.

Net Changes in Biomass

Net changes in biomass for semimonthly intervals are presented

in Tables 11 and 12. They were obtained by subtracting mortality

from the corresponding production. In Figure 17, positive changes

were contrasted by vertical lines from negative changes.

The yield totaled 367 kg or 3. 2 g/m2 for a rearing period of 302

days. Seasonal variations showed that 97 percent of this yield was

produced in summer. The low yield in winter was induced by three

periods of negative change occurring late in September, in late Octo-

ber and particularly in January.



Average Biomass

Average biomass of trout during the semimonthly intervals was

calculated as previously described. Values are given in Tables 11

and 12 and trends are shown in Figure 17.

Average biomass ranged from 0. 589 to 3. 165 g/m2. The high

value of 5. 669 g/m2 occurred only during about ten days while the

water level was being dropped down for survey purposes The maxi-

mum average biomass was observed in late September just prior to

the first rains which brought the water level back to normal.

Summary: Production Data

I can summarize the data presented in the previous sections as

follows:

Actual net production: 618. 9 kg.

Yie1d : 367.4 kg or 59.4 percent of the production.

Mortality : 251. 5 kg or 40. 6 percent of the production.

Of the total elaborated material only 59. 4 percent was "har-

vested' and exported from the impoundment into the North Umpqua

River. During the same period of time, a maximum of 40. 6 percent

of the actual production was directly recycled within the pond corn-

munity. The draining of the impoundment and some of the predators

contributed to the exportation of part of the recycled production into

some other community.



STUDY OF INSECT POPULATION

Occurrence and Taxonomy

Aquatic insects were collected throughout the period of study

with the main purpose of relating the trout population to its primary

food source. Therefore, no attempt was made to build a complete

list of insect species present in the impoundment community. Only

genera, and whenever possible, species, of aquatic insects observed

during the sampling schedules or found in trout stomachs were re-

corded. A list is included in Appendix 8.

The system of taxonomical classification adopted was that pre-

sented by tJsinger (109) except for the family Tendipedidae, for which

I adopted the names proposed by Meigen in 1803, assuming that this

will be the nomenclature to be recommended in the future by the In-

ternational Commission of Zoological Nomenclature. Table 13 gives

a summary of the adopted taxonomy for the family Chironomidae (syn.

Tendipedidae).

Taxonomic determinations were checked by Dr. N. H. Ander-

son, Entomology Department, 0. S. U. Dr. 3. E. Sublette, Eastern

New Mexico University, very kindly determined the chironomid

'From a letter addressed to R. K. Eppley, Entomology Depart-
ment, Oregon State University, by Dr. Curtis W. Sabrosky, U. S.
National Museum, Washington, D. C. on November 19, 1963



Table 13. Adopted nomenclature for family Chironomidae (syn. Tendipedidae).

Adopted in the text

Subfamily TM'JYPODINAE

Procladius sp.
Ablabesmyia sp.
Anatopynia sp.

Subfamily ORTHOCLADIINAE

Miscellaneous

Subfamily CHIRONOMINAE

Tribe Tanytarsini

Tribe Chironomini

Chironomus (Chironomus) sp.

Miscellaneous

In reference to:

Procladius Skuse
Ablabesmyia Joh. monilis group
Anatopynia Joh.

Prodiamesa Kieffer
Diamesa Meigen
Psectrocladius Kieffer

Tanytarsus Auctt., non Wuip
Micropsectra Kieffer

Ch. (Chironomus) sp. thummi gr.

All others

Synonymy

(= Pelopiinae)

(= Pitaneura Phillipi, in part)

= Hydrobaeninae and Diamesinae)

(= Tendipedinae)

(= Calopsectra sens. lat.)

(= Tendipes Meigen, in part)



species in their three developmental stages (larva, pupa and adult)

from mounted specimens.

Physical and Chemical Analysis of Insect Fauna

Analyses of insect fauna were made on the bases of abundance

(average numbers) and dry weight (grams).

Average dry weight of individual organisms was obtained from

two independent samples, the size of which varied as shown in Appen-

dices 15, 16, 17 and 18. The organisms were separated into classes

based on stage of development (nymph or larva, pupa, adult) and body

length (excluding anal gills and cerci). Wet weight was determined on

blotted samples. Dry weight was measured on samples kept in an

electrical oven at 70°C for three days. All weights were determined

on an automatic single pan Mettler balance to the nearest hundredth of

a milligram. Results are grouped in Appendices 15 (nymphs), 16

(larvae) and 17 (adults). Chironomids however were treated separ-

ately in Appendix 18

Chemical analyses were performed by Louise Hogan, Depart-

ment of Agricultural Chemistry, 0. S. U., on samples collected on

March 27, 1963 after the impoundment was drained. The organisms

were frozen alive in dry ice. Methods of analysis were those out-

lined for fish. Results are presented in Table 14.

Analyses were performed on two genera only i. e. Callibaetis



and Libellula because of their importance as fish food and because of

their availability in a quantity large enough to be chemically analyzed.

Moreover, no reference was found in the literature concerning these

two particular genera.

Table 14. Chemical analysis of Callibaetis and Libellula nymphs.

Callibaetis Libellula

Sample size 150 47

Body length, range in mm 5-10 12-23

Dry matter, % wet weight 20. 6 20. 4

Crude protein, % dry weight 53. 2 54. 3

Crude fat, % dry weight 25. 1 9. 1

Average dry matter and crude protein contents were practically

identical for the two genera but the fat content of Callibaetis was much

higher.

Aquatic Insect Associations

Ecologically, the aquatic insect component of the pond commun-

ity may be subdivided into sub-communities as following:

1. Associated with a submerged substrate:
Littoral sub-community related to the vegetal component.
Benthic sub-community related to the bottom substrate.

2. Associated with an open-water environment:
Neuston, related to the water surface (not studied).
Nekton, composed of free-swimming insects.



3. Associated with the atmosphere above the pond:
Adult insects emerged from aquatic forms.

In the two next sections, methods and results of the study of

these three associations will be presented. The two first associa-

tions, since they were sampled jointly, will be called "littoral fauna'1.

The third association will be termed 'emerging fauna".

Littoral fauna

Sampling Methods

I sampled the littoral fauna with two different but complementary

techniques. The frame method, in which a known area of bottom is

enclosed, was used in the shore zone. The Ekman dredge method

was applied to depths greater than 60 cm.

Frame Method: In August 1963, a square box without top or

bottom was built out of 1. 5 mm thick galvanized sheet metal (Figure

18). Its cross-section was 31. 6 x 31. 6 cm the enclosed area being

exactly 0, 1 m2. Its height was 35. 5 cm.

Sampling stations were chosen randomly along the edge of the

pond. The frame was thrown in place from a few meters away and

complete seal in the bottom was obtained as quickly as possible. The

enclosed sample was then dipped out with a Tyler sieve (. 833 mm

meshes) until no more organisms could be found in several success-

ive attempts. Stones and plant material were vigorously washed by
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Figure 18. Square frame and sieve used to sample the
littoral fauna in shallow depths.



hand inside the frame before being examined and thrown away. The

bottom substrate was generally dug out to about 5 cm depth.

The organisms were picked up with tweezers and fixed in a

labeled vial containing a 10 percent solution of formalin. Samples

from each station were kept separate. The exact location of the

sampling station was recorded on a sampling map. Observations

about vegetation, soil, depth, etc. were noted separately.

Ekman Dredge Method: A small Ekman dredge having a cross

section of 15. 2 cm2 was used to sample greater depths. The dredge

was described by Welch (115, p. 176-178). The area sampled was
2231 cm

The general method outlined by Welch (115, p. 300-302) was

adopted, except for the following points. Sampling stations were

chosen at random on transects across the pond (roughly SW-NE direc-

tion). The boat was anchored at the predetermined station. A dredg-

ing was made and the sample transferred into a set of three Tyler

sieves with mesh openings of 1. 651, 0. 833 and 0. 246 respectively.

Washing occurred in the pond. Each sieve was then examined separ-

ately for organisms which were treated as in the previous method.

Field records were kept in the same way.

Limitations and Sources of Error of the Sampling Methods

The frame method was unfortunately limited to shallow depths.



Its effectiveness in capturing powerful swimmers, when used as

described, is considered very great (68, p. 280) especially among

dense vegetation. In areas of gravel a complete seal was difficult

to obtain as quickly as desired.

The Ekman dredge is known to be especially adapted for samp-

ling soft sediments (115, p. 177). The presence of any hard object

causes difficulty, preventing the dredge from closing tightly. When

this happened, the sample was disregarded and a new dredging was

made. Organisms might be lost when the dredge was brought up out

of the water, an error reduced by collecting the draining water into

a shallow bucket. Areas of gravel could not be sampled and great

difficulties were encountered in Chara beds. These two environ-

ments were then sampled mainly at shallow depths by the frame meth-

Large errors could arise from the uneven distribution of the

fauna, as well in time as in space. Consequently the necessity of

sampling all types of bottom throughout the year was recognized.

Transverse instead of longitudinal transects were chosen and samples

were taken at relatively frequent time intervals. Each sampling

scheme randomly covered the whole area underwater, no particular

stratification (e.g. depth, soil, vegetation) being attempted.



Sampling Schedule

The adopted sampling schedule is presented in Table 15.

Table 15. Sampling schedule for littoral fauna study.
Date Total number Sampling by: Depth of sampling(rr

Ser. 1962-1963 of samples Frame Dredge 0-2 2-4 4-6
1 21 May 20* 20 11 6 3

2 29 May 38 12 26 26 7 5

3 27 June 35 17 18 23 6 6
4 3OJuly 42 42 28 9 5

5 9 September 49 15 34 33 11 5
6 14 October 22 10 12 14 4 4
7 18 November 16 16 16
8 18 December 21 13 8 17 2 2

9 18 January 17 2 15 9 4 4
10 2 February 7 2 5 7

11 16 February 19 10 9 13 3 3

12 ZMarch 8 8 8
13 24 March 25** 16 9 (25)
14 10 April 41*** 15 26 30 9 2

Total 360 136 224 260 61 39

* Presampling for taxonomic purposes mainly.
** Draining of the pond. Water level was minus 590 cm.

Refilling of the pond. Water level was minus 165 cm.

A total of 360 samples was taken in 14 sampling series. Be-

cause of the artificial conditions under which they were obtained, the

two last series were not included in computations of abundance and

biomass. I took them to study the effect on littoral fauna of draining

of the pond.
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Analysis of Samples

The samples were analyzed individually. Organisms were

grouped taxonomically on the basis of their stage of development and

their body length. They were then separately enumerated, so that I

could calculate biomasses on a dry weight basis by use of data pre-

sented in Appendices 15, 16 and 18. Results were expressed for a
2common area unit (m ).

Averages per m2 were expanded to particular depth zones or

to the whole area underwater on the basis of the following average

water levels and areas (expressed in m2):

June-October November-March

Water level minus 33 cm zero (full)

0-2 m 46, 040 60, 610
Depth zone: 2-4 m 45, 276 45, 276

4-6 m 27, 205 27, 205

Pond 118,521 133,091

Results were also punched on IBM cards to enable the use of

electronic computers, facilitating a more detailed analysis of the

effect of the various factors involved: season, type of sampling, and

three environmental factors (water depth, vegetation and soil). These

factors were subdivided and coded as follows:

1. Season: 15-day periods numbered from 1 (May 15 to May
31) to 24, covering one calendar year.
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2. Type of Sampling: 1 (Ekman dredge) or 2 (square frame).

3. Depth: seven depth zones of one meter each, numbered from
0 (0 to 1 m depth) to 6 (over 6 m depth).

4. Vegetation: two strata were considered; vegetation absent
to sparse (coded 1) and vegetation relatively dense (coded 2). Figure
7 shows the extent of each of these two strata.

5. Soil: four strata were defined (coded 1 to 4) corresponding
to the first four groups of bottom sediments defined in Figure 6.

Type 10 was included in group 2.

Results

Abundance of Littoral Fauna. The total number of organisms

present in the pond was obtained as previously described from sam-

pies taken at about monthly intervals from late May 1962 until mid-

February 1963. Relatively scarce organisms were grouped under

the heading Itmiscellaneousfl, This category includes Collemboia,

Caenis and all Diptera except chironomid larvae.

Results are grouped in Appendix 19 and graphed in Figure 19.

Table 16 shows the mean abundance per m2 of the four main groups

of organisms. 1

1 The relative importance of the groups of organism to trout
will be discussed later on.
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Figure 19. Littoral fauna. Estimated total number present in
the pond at monthly intervals.

LEGEND

Anisoptera nymphs

____ ____ ____ Callibaetis nymphs

o Procladius larvae and pupae

A .............. Ablabesmyia larvae and pupae

... . Orthocladiinae larvae and pupae

, . . . Tanytarsini larvae and pupae

Chironomini larvae and pupae
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Table 16. Mean abundance of the four main groups of organisms (avg. number/rn2)

29 May 27 Jun 30 Jul 9 Sep 14 Oct 18 Nov 18 Dec 18 Jan 16 Feb

Anisoptera 2.5 12.1 47.8 16.8 8.9 1.9 17.1 16.7

Coenagrionidae 8,0 12.3 5,2 5.9 4.1 1.9 8.8 23.2

Callibaetis 49.5 64.6 2,1 10.0 10,0 4,4 4.3 2.5 21.4

Chironorrsidae(larvae) 70,9 176.0 117,6 101.3 138,6 14.5 90.8 462.4 448.0

Total 130,9 265.0 124.9 165,0 169,5 27,8 98.9 490.8 5.3

It was observed that a first peak of abundance occurred at the

end of June when more than 33 million insects were present in the

impoundment. Even though family Chironomidae contributed more

than 65 percent o1 this total, other major organisms were relatively

well represented. Callibaetis larvae for example reached their maxi-

mum abundance at this time of the year. Other peaks of abundance

were observed in January and February. mostly due to Chironomidae,

Odonata and Callibaetis.

Anisoptera reached their peak of abundance in early September,

then declined in numbers, increasing suddenly again in mid-January.

Coenagrionidae were most abundant at the end of June, then declined

until December when a sharp increase occurred that culminated in

February. Callibaetis were most abundant at the end of spring and

showed a second period of abundance in February.

Chironomidae were in all cases the most numerous organisms.

Procladius were the most abundant in June and July and again became



very abundant in January. Chironomini were particularly abundant

in October and JanuaryFebruary, The three other groups of chir-.

onomids were not so well represented. Tanytarsini and Ablabesmyia

disappeared completely during the fall and early winter. Orthocladi-

mae were relatively more abundant in January. Prepupal and pupal

stages were captured seasonally as shown in Appendix 19.

Two periods present a particular interest because of the re-

duced fauna observed during them. By the end of July Callibaetis

nymphs had been greatly reduced in abundance. No Anisoptera could

be found and 94 percent of the observed littoral fauna belonged to the

family Chironomidae, In mid-November the abundance of midge lar-

vae was drastically reduced owing to the sudden disappearance of

Chironomini. The total number of organisms declined to the low

value of about 5 million.

Biomass of Littoral Fauna. The total biomass of organisms,

expressed in grams dry weight, was calculated as already mentioned

for the same samples as those discussed in the previous section.

Results are presented in Appendices 20 and 21 and in Figure 20.

Table 17 summarizes the results obtained for the main organisms.

Table 18 and Figure 27 express individual biomasses in percent of

the total biomass present at each sampling date on a dry weight basis.
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Table 17. Average biomass of the four main groups of organisms (div weight. me/rn2
29 May 27 Jun 30 Jul 9 Sep 14 Oct 18 Nov 18 Dec 18 Jan 16 Feb

Anisoptera 130.2 339.4 390.0 210.3 70.4 112.3 143.0 245.3

Coenagrionidae 30.3 25.3 5.8 6.7 7.9 4.3 21.3 78.8

Callibaetis 2.4 118.1 7.5 11.2 20.4 3.4 21.9 15.3 32.7

Chironomidae(larvae) 23.1 91.1 22.9 37.7 132.9 2.7 29.5 142.7 145.8

Total 186. 0 573.9 36.2 445.6 371.5 76. 5 168.0 302.3 502.6

The total biomass varied between 0. 58 (late June) and 0. 04

(late July) gIm2. A second low value of . 082 gIm2 was observed in

November. For the whole pond, estimates varied from 4 to 69 kg

dry weight. The groups of organisms termed 'main groups" con-

tributed the reatest part of these values.

Anisoptera (mainly Libellula) were the most important contribu-.

tors to the total biomass (Figure 20), particularly in June and Sep-

tember when they constituted 58 and 85 percent respectively of the

total biornass present. Chironomini were second in importance.

Their total biomass showed distinct peaks in June, October and

February. Callibaetis were of relative importance only in June when

2they reached 118 mg/rn .

All the other organisms were comparatively unimportant corn-

ponents of total biomass.

A very low value for biomass was recorded at the end of July.

In November practically all the biomass present was constituted by

Anisoptera.



Table 18. Littoral fauna. Percentage occurrence of total average dry weight.

Organisms Date of sampling, 19624963
(immature forms) 29 27 30 9 14 18 18 18 16 May- Oct- Jan-

May Jun Jul Sep Oct Nov Dec Jan Feb Sep Dec Mar

Anisoptera 60. 1 58. 6 85. 3 54. 9 86, 1 58. 8 36 .6 47. 2 68.9 60.9 42.6

Coenagrionidae 14.0 4.3 16.0 1.5 2.1 - 2.3 5.4 15,2 5.0 2.0 11.0

Callibaetis 1.1 20.4 20,7 2.5 5.3 4.2 11.5 3.9 6.3 9.8 7.1 5.3

Herniptera . 1 . 1 -- -- - -- -- -- -- . 1 -- --

Coleoptera 1.1 .6 -- 2.1 2.1 3.1 .6 13.1 2.0 1.1 1.8 6.8

Trichoptera 1.7 .2 -- -- -- - 5.4 .3 .9 .3 1.5 .7

Chironomidae 10.6 15.8 63.3 8.2 34.8 33 15.5 36.8 28.1 12.9 24.2 31.7

Miscellaneous 11.3 -- -- .4 .8 3.3 5.9 3.9 .3 1.9 2.5 1.9

Chironomidae:

Procladius .9 2.6 25.1 1.2 .5 1.1 4.1 6.1 2.7 2.5 1.6 4.1

Ablabesmyia .3 .4 3.3 .3 .1 -- -- .4 .7 .4 0 .6

Orthocladiinae 2.3 .3 4.4 .4 0 1.2 3.4 2.7 .6 .7 1.1 1.5

Tanytarsini 0 . 2 3. 3 . 8 --- -- -- 0 . 1 . 2 -- 0

Chironomini 7.1 12.3 27.2 5.5 34.2 1.0 8.0 27.6 24.0 9.1 21.5 25.5



Influence of Various Factors on Abundance of Littoral Fauna.

Analysis of Variance: An analysis of variance was made by electronic

computers (Statistics Department, 0. S. U. ) to study the significance

of the observed differences among the means of abundance per unit

area of eight groups of organisms. The total number of degrees of

freedom was broken down as follows:

Type of sampling 1 (Frame vs. dredge)
Period of the year 14 (15-day periods)
Depth 5 (1-meter depth zones)
Vegetation 1 (Present or absent)
Soil 3 (Four types of sediment)
Error 335

Total 359

The factors were subdivided as previously described (p. 9Z ).

The analysis was made for Libellula, Coenagrionidae, Callibaetis,

Procladius, Ablabesmyia, Orthocladiinae, Tanytarsini and Chiro-

nomini. The basis for the analysis was the total number per 0. 1 m2

of a definite group in each sample. All stages of development were

included. Results of the analysis are summarized in Table 19.
Table 19. Analysis of variance, Influence of factors on abundance of littoral fauna.

F-value
Organism Type of Period Depth Vegetation Soil Error

sampling mean Square
Libellula 12. 7** 6. 1** 3. 4** .0 2. 3 23. 8031
Coenagrionidae 5. 2* 1. 0 2.4* 10. 7** 1. 3 5607.6829
Callibaetis 29.7** 3.6** 2.9* 34* 1.7 30.6421
Procladius .6 4.9** 1.3 .2 3.2* 146.4009
Ablabesmyia 9.3** 4.6** 2.4* 1.2 .8 2,1644
Orthocladiinae 1.7 4,9** 2,4* 1.0 3.4* 154441
Tanytarsini .1 3 9** 1.7 87** 2.1 2,9663
Chironomini 5. 8** 5. 4** 1. 0 7. 2** 2. 4 579. 4269

* Significant at the S percent level.
** Significant at the 1 percent level.
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Figure 20. Littoral fauna. Estimated total biomass present in the
pond at monthly intervals in kilograms dry weighL
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Environmental Factors

1. Period: littoral, fauna generally varied in abundance during

the year under study. No significant period effect however could be

detected for Coenagrionidae. The variation within each period was

too great to enable the detection of a significant variation among the

periods. This excessively high variation among the samples (within

each stratum) was probably due to the great mobility of Coenagrioni-

dae nymphs.

2. Depth: this factor was found significant for Libellula,

Coenagrionidae, Callibaetis, Ablabesmyia and Orthocladiinae. Fur-

ther information was gained by studying the sampling results grouped

as shown in Table 20.
Table 20. of depth (number/rn2).

einmetgrS
October-December January-M arch

0-2 2=4 46 0=22-4 4=6 0-2 2-4 4-6

Sample size 110 33 21 52 6 6 37 7 7

*Anisoptera 25.4 1.3 16.3 -- -= 19.6 6. 3 6.3
*Coenagrionidae 34. 1 2. 7 14.4 -- 16. 2 24. 7 6. 2
*Calljbaetjs 24.9 == 14. 3 == -- 14.6 6. 2 --
Chironomidae

Procladius 51. 7 27. 6 20.6 16. 1 21. 6 50. 5 73. 8 136. 1 68. 0
*Ablabesrnyja 8.9 3.9 2.1 .2 =- 21.6 12.4
*Oj'thoc1djjn 19.4 17. 1 2. 1 20. 2 == '-= 46. 2 -- 12. 4
Tanytarsini 10.7 7.9 4. 1 == =- -= 3. 8 -- --

Chironomini 28. 3 35.4 183,5 10. 7 598. 8 181. 5 303.0 408. 2

* Significant depth effect (Table 19)
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It became apparent that the organisms affected in their abun-

dance by depth were generally found in shallow water. This was es-

pecially true for the non-.chironomids. But from Table 20 it also ap-

peared that their distribution in the impoundment became more corn-

plete in winter. During the January-March period Anisoptera were

found in all depths; Coenagrionidae were most abundant in the 2-4 m

zone; Callibaetis were observed in the same zone. The reason for

this extended range in winter may be the presence of oxygen which

enable these organisms to explore new regions perhaps rich in food.

Although no significant effect of depth could be detected for the

tribe Chironornini, there exists evidence that this was due mainly to

the existence of several different species not separated for the analy-

sis of variance. Later on, Chironomus sp. group thummi were con-

sidered separately and results are given in Table 21.

Table 21. Abundance of chironomini larvae in function of depth (number/rn2).
zone in meters

chironomini _MteeL. October-December January-March
larvae 0-22-44-6 0-2 2-4 4-6 0-2 2-4 4-6

Ch. gr. thummi 9.2 18.4 181.2 .8 - 584.4 10.6 30.9 377.2

Others 19.1 17.0 2.3 9.9 14.4 170.9 272.1 31.0

It can be seen that at least 86 percent of the total number of Chiro-

nomus were confined to the deepest zone of the pond. The other

Chironomini invaded this zone only in late fall and winter when better

oxygenation existed.
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3. Vegetation: Callibaetis and Coenagrionidae nymphs were

both more abundant in vegetated zones, particularly in Chara beds.

The abundance of two chironomid groups (Tanytarsini and Chironomini)

was also affected, but in these cases the relationship was inverse, the

greatest abundance occurring generally in regions deprived of dense

vegetation.

4. Soil: very few significant effects of soil could be detected by

the analysis of variance, probably because only a small number of

samples could be taken from rocky areas where the Ekman dredge

was ineffective. It was observed in the field that a very limited lit-

toral fauna was inhabiting areas with Type 7, 8 (yellow clay) and Type

9 (gravel) sediments. Caeni.s for example were observed in great

numbers in spring among the pieces of rock covering the dam side.

Relative Efficiency of the Two Sampling Methods

As already mentioned, the frame method was primarily used to

obtain better samples by capturing more efficiently the active organ-

isms thought to be able to escape the Ekman dredge as it was lowered

into the water. To ascertain this efficiency difference and the organ-

isms involved, I included the type of sampling in the analysis of van-

ance. Results are shown in Table 19.

No sampling effect could be demonstrated as significant for

three groups of chironomids, j, e. Procladius, Orthocladiinae and

Tanytarsini. For all the other groups there was a significant
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difference, one of the two types of samples being more efficient.

Table 22 was calculated to determine the relative efficiency of each

sampling for each group of organisms.

The square frame was more efficient in capturing Ablabesmyia,

Callibaetis and Coenagrionidae than the Ekman dredge. The contrary

was true for Chironomini larvae which were more readily captured by

the dredge. This was caused by the greater abundance of these organ-

isms in the deepest zone of the pond where the frame was not used.

Table 22. Relative efficiency of the sampling methods (avg. number of organisms captured per
sample exprjer . 1 m2).

Total no. uare frame Ekman dredge
Organism successful No. successful Avg. no. No. successful Avg. no.
(larvae or nymph) sampies** samples organisms samples organisms

net sample per sample

Procladius 251 73 12. 260 178 8.500

Orthocladiinae 159 55 4. 527 104 3. 542

Tanytarsini 108 25 2. 520 83 1. 617

*Chjronomjnj 259 87 8. 804 172 17. 895

*Ablabesmyja 133 46 2.586 87 1.424

*Callibaetjs 133 52 9. 019 81 1. 554

*Coenagrionidae 138 51 3. 607 87 1. 527

* Significant sampling method effect (Table 19).
** Successful sample: sample in which the organism was present.
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The estimates of abundance and biomass, presented in previous

sections, for Callibaetis and Coenagrionidae nymphs are conservative

ones. No attempt was made to correct these estimates, in accord

with the bias due to the sampling technique used because of the great

number of other factors involved.

Emerging Fauna

Sampling Method

Emerging insects were sampled with floating traps (Figure 21)

left on the water surface for a certain length of time, at regular in-

tervals. The traps were built essentially of a frame of three pieces

of aluminum cloth wire, a hoop of sheet metal, a nylon cone (organza,

56 mesh per cm2) and a half-pint Mason jar. Epoxy cement and plas-

tic electrical tape assembled the components. A bicycle tube was

used as a float and attached outside the basal metal hoop. The cap-

turing jar hanging from the wire frame was screwed to its cover,

forming the top of the nylon cone, and was equipped with a nylon fun-

nel, or fyke, to retain the captured insects. The diameter of the

trap at its base was 61, 5 cm, so the area sampled by each trap was

considered equal to 2970 cm2.

Each trap was numbered and assigned a fixed sampling station.

A maximum of 31 such stations was used, each of them located on
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the water surface of the pond by a numbered wooden float. Figure 4

shows the trapping sites. Two cement blocks were used as anchors.

Nylon ropes 1/8 inch thick, equipped with swivel snaps, were secured

to the float between trapping periods. When traps were put into opera-

tion, they could quickly be attached to the anchors. Figure 22 shows a

view of trap number 22 floating in position.

At the end of each trapping period, the traps were removed from

the pond surface and brought back to the shed. There the insects were

killed with chloroform vapor and transferred into labeled vials con-

taming a 5 percent solution of formalin.

Sources of Errors and Limitations of Floating Traps

The sources of errors associated with the use of insect traps

to estimate emerging fauna quantitatively were recently discussed by

Mundie (78). He pointed out the possible interference of insect preda-

tors, the unknown specific sampling efficiency and the avoidance phe-

nomenon.

Predation takes place on rising nymphs and pupae, before emer-

gence occurs. Fish are the most active predators during this period

and the interference will be greater in shallow areas. After the adult

has emerged in the trap, it may be preyed upon by inadvertently irn-

prisoned organisms such as spiders and terrestrial insects. This

happened in a few occasions and the results had to be disregarded.



Figure 21. Details of an insect trap.
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Figure 22. A floating insect trap in operation.
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The question whether traps attract or repel emerging insects

has been raised by many authors. Generally repulsion is considered

as the most probable phenomenon and trapping results would give

minimal estimates (104, p. 6). The same authors also observed how

important could be the reduction of the natural light intensity existing

at the water surface. In eight days, they captured 8. 4 times more

insects in a clear trap than in a dark one (104, p. 8).

Floating traps capture mostly Diptera. Trichoptera are less

susceptible to capture. The value of the trapping results obtained

for Zygoptera and Ephemeroptera is questionable. The nymphs could

be attracted to the type of support presented by the base of the traps

(hoop, tube). Partial avoidance to entering the trapped area on the

other hand might be suspected too, Generally, many cast skins were

observed on the exterior side of the bicycle tube and comparatively

fewer in the trap itself. Guyer and Huts on (41, p. 663) report that

immature samples always contained a higher percentage of mayflies

than adult samples. They observed that mayflies emerging into adult

traps 'did not emerge from their nymphal skin and pass through the

subimago stage as readily in the traps as under natural conditions"

Finally, it must be pointed out that nymphs of Anisoptera (Libellula,

Gomphus.. .) walking ashore or climbing on emerged objects to trans-

form into adults were never captured in any trap.

It may be concluded that reliable quantitative estimates of
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emerging fauna are not easily obtained. The following features of the

present study are thought to have contributed to fairly good quantita-

tive estimates:

1. Very clear trap type equipped with a funneled jar.
2. Permanent stations scattered over the pond.
3. Estimates based on at least ten independent trapping units.
4. Small impoundment mostly represented by shallow depths.

Sampling Schedule

The adopted sampling schedule is presented in Table 23. A

total of 352 traps was checked in 21 sampling series. This corres-

ponded to 1160 trap-days. Because of the possible draining effect,

the two last series were not included in computations of abundance

and biornass. They were essentially made to study the effect on em-

erging fauna of draining the pond.

Analysis of Samples

The samples were analyzed by Terry Howard, student at the

Entomology Department, Oregon State University. Organisms were

grouped taxonomically and separately enumerated so that I could also

calculate biomasses on a dry weight basis by use of the data pre-

sented in Appendices 17 and 18. Results were expressed for corn-

mon area (m2) and time (day) units. Expansion of these average

values to particular depth zones or to the whole area underwater
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Table 23. Sampling schedule for emerging fauna study.

Series
Period 1962-1963

Starting Length
Date (days) Traps

Total
Trap-days 0-2

Depth of
sampling (m)

2-4 4-6

1 3May 4 17 68 9 5 3

2 27 May 4 26 104 15 7 4
3 l2June 2 26 52 15 6 5

4 26 June 2 27 54 15 9 3

5 11 July 1 27 27 15 9 3

6 24 July 2 31 62 16 9 6

7 11 August 2 31 62 16 10 5

8 25 August 1 11 11 6 4 1

9 4 September 1 12 12 6 4 2

10 29 September 1 11 11 5 4 2

11 8 October 6 10 60 5 4 1

12 3 November 1 10 10 5 4 1

13 14 November 4 10 40 5 3 2

14 26 November 5 10 50 6 3 1

15 13 December 6 10 60 5 3 2

16 28 December 7 10 70 5 3 2

17 1 February 4 15 60 8 5 2

18 11 February 4 15 60 8 5 2

19 25 February 10 18 180 10 5 3

20 18 March!' 1-5 9 27 7 2 -

21 5 AprilZ" 5 16 80 10 6 -

Total 352 1160 192 110 50

..l6raining of the pond. Water level varied from minus 3 to minus 6 m.

efil1ing of the pond. Water level varied from minus 2. 5 to minus 1. 65 m.
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was made on the same bases as already mentioned (p. 91).

Results were also punched on IBM cards to enable the use of

electronic computers, facilitating a more detailed analysis of the

effect of the various factors involved. The coding system described

for the littoral fauna (p. 92) was adopted here also.

Results

Abundance of emerging fauna

The average daily rate of emergence of organisms from the

pond was calculated for each month from samples taken at about

semimonthly intervals from May 1962 until March 1963. This rate

will be considered as an emergence index to be used rather for corn-

parative than quantitative purposes. Results are presented in Appen-

dix 22 and graphed in Figure 23.

For the emerging fauna in general, the peak of abundance oc-

curred in July. The daily rate of emergence based on 89 trap-days

averaged about 27 million organisms. During the next two months,

there was a rapid decline. From October on, the number of emerg-

ing organisms was considerably reduced.

The qualitative composition of the emerging fauna also greatly

varied from month to month. Coenagrionidae emerged from May

until September. Ephemeroptera began to appear in June only but

were still present, although greatly reduced in number, on October 8.
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Figure 23. Emerging fauna. Average daily rate of emergence
expressed in total number and dry weight (kg).
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Both kinds of organisms were mostly abundant in August. Diptera

were observed all year. Ephydridae showed two peaks, in June and

in March. Chironomidae emerged in greatest abundance in the sum-

mer, particularly in July. They were the most numerous organisms

in all periods except March. Table Z4 shows the mean daily rate of

emergence per mZ of chironomids. Tanypodinae adults (Procladius

and Ablabesmyia mostly) were captured from May until September

only. Orthocladiinae and Chironominae on the contrary were found

during the whole year, although greater occurrence was observed in

the summer.

Table 24. Mean daily rate of emergence of Chironomidae (avg. number/m2/day).

May June July Aug Sept Oct Nov Dec Jan Feb Mar

Procladius 13.4 8.9 21.4 28.5 25.1 .2 -- .4

Ablabesmyia 2.0 6.9 10. 2 10,9 4.9 -- . 1

Orthocladiinae 10. 7 22. 5 35. 5 19.5 5, 2 .9 1. 2 . 6 (?) 2.4 . 7

Tanytarsini 7.5 12. 1 76. 7 2. 8 24. 3 . 1 . 1 . 1 (?) 3.2 .4

Chironomini 2.0 34.5 84,2 72.0 4.0 1.0 .2 .1 2.6

Total 35.6 84.9 228.0 133, 7 103.5 2. 2 1.5 .7 (?) 5.7 4.2
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Biomass of emerging fauna

The total biomass of emerging fauna (Anisoptera not included),

expressed per day in grams dry weight, was calculated as already

mentioned from the set of data discussed in the previous section. Re-

suits are presented in Appendix 23 and Figure 23.

The total biomass of organisms emerging from the impoundment

reached a maximum in July and August. From 77 to 98 percent of

this total was contributed by Chironomidae and particularly Chiro-

nomini. In August, Coenagrionidae contributed 17 percent, probably

a very conservative figure.

Influence of Various Factors on Abundance of Emerging Fauna.

Analysis of Variance: An analysis of variance was made by electronic

computers (Statistics Department, Oregon State University) to study

the significance of the observed differences among the means of num-

ber of adults emerging per unit area per unit of time. Six groups of

Diptera were studied for which the total number of degrees of free-

dom was broken down as follows:

Period 11 (15-day periods)
Depth 5 (1-meter depth zones)
Vegetation 1 (present or absent)
Soil 3 (four types of substrates)
Error 128

Total 148

The factors were subdivided as previously described (p. 92).

The analysis was made for Procladius, Ablabesmyia, Orthociadiinae,
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Tanytarsini, Chironomjnj and Ephydridae. The basis for the analysis

was the total number of a definite group emerging per m2 and per 4-

day period in sampling series number 8 to 19 (late August-late Febru-

ary). Results of this analysis are summarized in Table 25.

Table 25. Analysis of variance. Effect of various factors on the abundance of emerging fauna.

Organism F-value Error

Period Depth Vegetation Soil mean square

Procladius 8.232** 3.664** 1.225 2.202 3145. 7682

Ablabesmyia 2. 147* 1.834 .845 .470 452.1487

Orthocladiinae , 746 2. 526* 5. 079* 1. 343 927. 2920

Tanytarsini 9,593** 2.900* 3.404 .278 4788.7156

Chironomini . 892 .928 , 279 . 488 2916. 1894

Ephydridae 3.024** .834 1.880 .562 1336.4801

* Significant at the 5 percent level,
** Significant at the 1 percent level.

Environmental Factors.

1. Period. Emerging fauna generally varied in abundance during

the seasons under study. No significant period effect however could

be detected for Orthoc].adiinae and Chironomini.

2. Depth. This factor was found significant for Procladius, Ortho-

cladiinae and Tanytarsini. As discussed previously, the absence of

any significant depth effect on Chironomini seems to be due to the
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existence of several different species not separated for the analysis

of variance.

A better idea of the depth effect on emergences is obtained from

Table 26 showing the mean number of organisms emerging per m2 per

day in three different depth zones, for each season.

Table 26. Effect of depth on rate of emergence (numbers per m2 per day).

Depth zone in meters
Organisms _jtemhe,_ October-December January-March

0-2 2-4 4-6 0-2 2-4 4-6 0-2 2-4 4-6

Procladius 26. 8 15. 7 13. 2 , 1 -- .4

Ablabesmyia 10,8 5.7 2.6 -- -- -- .1 -- --

Orthocladiinae 41,9 4.3 2.8 1.4 .6 .5 2.8 .8 .2

Tanytarsini 36.9 21.2 9.7 .1 -- -- 3.9 .2 --

Chironomini 56.8 32.4 21.3 .2 -- 13 2.3 .3 .3

Ephydridae , 3 . 2 1. 0 . 3 - -- 4. 8 . 6 . 1

Coenagrionidae 2. 0 . 2 . 1 -- -- -- -- --

Ephemeroptera 1.3 .4 1.2 -- -- -- -- -- --

Total 176.8 80.1 51.9 2.1 .6 1,8 14.3 1.9 .6

Most of the emergences took place in relatively shallow areas.

Coenagrionidae were practically confined to these regions only.

Ephemeroptera emerged from all depths. Captures of Chironomidae

were reduced in summer with increasing depth, but in fall the deepest
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areas produced more Chironomini, In winter, shallow areas again

were more prolific for all groups.

3. Vegetation. Only one group of organisms (Orthocladiinae) was

found significantly affected in its abundance by the presence of vege-

tation.

4. Soil. No significant effect of soil could be detected by the analysis

of variance, although the four types of sediments were sampled.

Diel Rhythm of Emergence. The diel rhythm of emergence was

studied in mid-June and in early September. On these two occasions,

respectively four (No. 2, 4, 24, 25) and two (No. 4, 31) traps were

regularly checked at short time intervals for a 24-hour period. Re-

sults are summarized in Table 27 and Table 28.

Both checks were made on clear, sunny days. The night condi-

tions, however, were very different as seen from Table 29 which

summarizes the physical conditions existing for each emergence set.

Emerging insects were more numerous in early September than

in mid-June. Peaks of emergence in both cases took place at dusk,

between 30 to 60 minutes after sunset. This phenomenon was ob-

served for all groups of organisms except Procladius, Tanytarsini

and Culicidae. Moonlight induced some organisms to emerge at

night.

As expected, the diel rhythm of emergence appeared to be

rather specific. Daily period of emerging activity may be
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Table 27. Number of organisms captured in four traps on June 13 14.
Tpriod of the day1acific Standard Time

Organism P.M. A.M.
1-3 3-5 5-6 6-7 7-8 8-9 9-3 3-4 4-5 5-6 6-8 8-1

Procladius
Ablabesmyia -
Orthocladiinae 1 - 1 - - 4 - 1 - - - 1

Tanytarsini - - - 2 - 1 - - -
Chironomini - - 5 - 1 1 - - 1

Trichoptera - 4 - - - -

Total 1 - 1 - - 15 - 3 1 - - 2

Table 28. Number of organisms captured in two traps on September 2-3.

Organism
1-3 3-5

Time
M.

5-6

period of the day,

6-7 7-8 8-99-5

Pacific Standard Time
Night A. M.

5-6 6-7 7-8 8-1
Procladius 1 - - 2 - - 10
Ablabesmyia - - 6 11 - 1 1 - -

Orthocladiinae 30 8 S 2 99 19 4 1 - - -

Tanytarsini - 1 - 1 2 3 -

Chironomini 4 1 - 3 47 6 1 1 - 18

Ephemeroptera 1 2 2 8 - -

Culicidae - - 3 2

Total 36 10 7 16 167 22 14 5 1 - 28

Table 29. Comparison of the pyil conditiuns, 1

Table 27 Table 28

Date June l3 14 September 2-3
Sunrise 4:30 a. m. 5:29 a. m.
Sunset 7:29 p. in. 6:31 p. in.
Moonrise O:l7a.m. 7:40p.m.

Last Quarter Full Moon
Moonset (?) 5:03 a.m.

Water temperature:

Atsurface 21.1°C 23.3°C
At3mdepth 17.2°C 21.1°C

1

Time given is Pacific Standard Time.
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summarized as follows:

Trichoptera and Ephemeroptera: mostly evening, just after sunset.

Ablabesmyia and Tanytarsini: from sunset until dark and at sunrise.

Procladius: daytime.

Orthocladiinae and Chironomini: all day long with marked maximum
after sunset.

Effect of the Draining of the Pond
on the Insect Fauna

The effect of the complete draining of the pond on the abundance

of both littoral and emerging faunae was studied in 1963. Series of

samples were taken successively during draining and refilling of the

impoundment. Methods used were the same as previously described.

Chemical treatment with rotenone of the incoming creeks and

of the pond was done immediately after closure of the outlet valve.

No apparent direct detrimental effect on the insect fauna present

could be observed, but drift samples taken in the creek channels re-

vealed an extensive downstream displacement for all insect groups.

Conditions which prevailed during the observations to be dis-

cussed in the next sections may be summarized as follows from data

already presented:

-Slow draining in nine days (p. 45)
-Chemical treatment of the watershed water areas (p. 44)
-Rapid refilling, completed in one month (Figure 8)
-Intermittent, rather high rain occurrence (Figures 3 and 8)
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Effect of the Draining on the Littoral Fauna

Three periods were compared on the basis of estimated total

number of organisms. Average conditions present prior to the lower-

ing of the water level were based on samples taken between January

and March. A few hours before complete removal of water from the

pond, the littoral fauna was heavily sampled. At that time, it was

concentrated in the channels and in the 6-meter contour (Figure 4).

Fifteen days after the draining date, a last series of samples was

obtained from the area underwater. The pond was then nearly three-

quarters full (Figure 8). Results are summarized in Table 30.

It may be seen that most of the organisms did not follow the

movement of the water. Libefluja, Callibaetis, all Coenagrionidae,

Coleoptera and Diptera were decimated. Only some Anisoptera

(Gomphus and Plathemis), appeared to be successful in following

the draining movement. The relative abundance of ChironomusCh.

gr. thummi during and after draining was due to their normal pres-

ence in the deep areas of the pond.

The last series of samples (April 10) revealed that some of the

organisms which had not migrated toward the outlet had managed to

stay alive until reached by the rising water level again. This was ob-

served for all groups except Callibaetis and non-chironomid Diptera.

It is of particular interest to see that, after refilling, 50 percent of
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Table 30. Effect of the draining of the pond on the littoral fauna (estimated total number of
organisms in thousands).

Period, 1963
January to March 24 March 10 April
Before draining While draining While refilling

Water level, cm 0 -590 -165
Area under water, m2 133, 091 3, 200 80, 100

Sample size:
Frame 22 16 15
Dredge 29 9 26
Total 51 25 41

Libellula 2, 222 289 713
Gomphus 26 210
Plathemis 26 101 320
Macromia --- 1

Anax -- - 1

lschnura 1, 544 46 96
Enallagma 665 26 40
Argia --- 1

Sigara - 2 40

Berosus 253 -- - 40
Laccophilus - - - 16
4gabus 1

Ilybius 106
Haliplus 812 --- 80

Callibaetis 1, 517 193 120
Caenis 412 15

Leptoceridae 133

Heleidae 452 -- -

Tabanidae 160
Chaoborus 2

Chironomidae:
Total 49, 403 2, 065 5, 975
Larvae:

Procladius 10, 860 655 905
Ablabesmyia 2,316 119 256
Orthocladiinae 4, 685 ---
Tanytarsini 373 - - -

.
Ch. thunimi gr. 8, 478 1, 231 3,484

Other Chironomini 22, 040 18 1, 193
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Chironomus Ch. thummi was still alive. I personally found living

larvae in soil samples (Type 6) kept in the storage shed for 10 days.

Effect of Draining on Emerging Fauna

The trapping data for four periods of several days each were

utilized to study the effect of the draining of the pond on the number

of emerging insects. Average emergence rate before draining was

assessed one week prior to the beginning of the draining period.

Emergences were then successively sampled for the pond when

nearly drained, when about half refilled and when completely full.

Results are summarized in Table 31.

It was concluded that the draining effect was diverse according

to the group considered. Ephemeroptera which started emerging at

the time of draining were not observed in traps any more before the

second half of June. Emergences of Ephydridae greatly increased

during removal of the water, and their number was greatly reduced

thereafter. The number of emerging chironomids more or less de-

creased during the draining (except Chironomini) but gradually in-

creased again during the refilling period. In early May, all Chiro-

nomidae groups (except Orthocladiinae and Tanytarsini) suddenly

appeared in great numbers.



Table 31. Effect of the draining of the pond on the emerging fauna (est. avg. daily rate of emergence).

Perio, 1963
25 Feb. -7 Mar. 18-24 Mar. 5-10 Apr. 3-7 May
Before draining While draining While filling After filling

Water level, cm +5 From -100 to -500 From -280 to -165 0
Area underwater, m2 135, 750 54, 500 67, 000 133, 091
Number of traps 18 9 16 17

Trap-days 180 27 80 68

Organism No. /m2 Total No. /m2 Total No. /rn2 Total No. /m2 Total
nurnber*____ number* numb er*____________

Ephemeroptera .2 9

Diptera
Chironomidae:

Procladius .4 61 .6 32 3.7 186 19.9 2,651
Ablabesmyia . 1 14 . 2 9 1. 1 76 2.4 328
Orthocladiinae 1.4 194 1 7 .4 53

Tanytarsini .9 119 . 1 7 11. 8 1. 569

Chironomini 2. 0 273 5. 0 274 1. 7 49 2. 1 284

Ephydridae .4 54 18.3 996 .2 11 .2 27

* In thousands.

NJ
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Conclusion

From the two preceding paragraphs, it may be concluded that a

rapid removal of the water followed by a quick refilling of the im-

poundment seems advisable if the insect fauna is to be protected.

The rapid draining would prevent part of the loss of the organisms

following the water movement while a rapid return of the water would

increase their chances of survival. Only a rainy period will enable

the fulfilling of this last requirement.
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FOOD OF JUVENILE STEELHEAD TROUT

Methods of Study

From 20 to 43 fishes were obtained at regular intervals for food

study by seining around the impoundment. The captures were gener -

ally made during the afternoon.

It is known that placing live fish directly into a formalin solu-

tion may cause them to regurgitate most of their stomach contents

(32, p. 68). Consequently, the randomly sampled fish were first

placed in a rather strong anaesthetic solution (MS 222l :1000). When

stunned, they were immediately put into a 10 percent solution of

formalin to be killed. They were fixed in this medium for at least

ten days before being transferred into 20 percent isopropyl alcohol

for preservation.

Length and weight measurements were taken on freshly killed

individuals using methods already described.

Analyses of stomach contents were performed on subsamples

varying in size from 10 to 14 fishes. The remaining ones were ex-

amined only for determining the total percentage of empty stomachs

(Table 36).

The stomach of each fish was removed. It was then cut in two,

the forehalf only being opened and examined under a dissecting micro-

scope. Number, size, and developmental state of the organisms



Table 32. Sampling schedule and basic data for stomach contents analyses.

Total sample Sub-sample
Sample Date No. of No. of Fish, average
series 1962-1963 No. of empty No. of empty Fork length Weight

no. fish stomachs fish stomachs mm

1 31 May 22 0 10 0 42.6 .8
2 12 June 26 2 11 1 47.7 1.3
3 2SJune 20 0 10 0 52.5 1.8
4 10 july 43 6 14 4 66.8 3.6
5 27 july 32 3 12 2 68.6 3.7
6 14 Aug. 32 4 11 1 79,0 5.4
7 4 Sept. 31 2 11 1 84.7 6.7
8 28 Sept. 37 1 10 0 87.5 7. 1
9 13 Oct. 24 5 12 2 92.5 7,9

10 3 Nov. 34 2 10 0 91.8 7.7
11 16 Nov. 28 1 11 1 90.8 7,4
12 30 Nov. 25 1 10 0 92.5 7. 4
13 17 Dec. 26 2 10 0 94.6 7.7
14 4Jan. 29 1 10 0 99,3 9,2
15 l8Jan. 23 2 10 0 97.1 8.4
16 1 Feb. 28 1 10 0 92. 8 7. 1
17 l4Feb. 29 0 10 0 101.6 9.6
18 28 Feb. 32 1 11 1 100.5 9,3
19 21 Mar. 25 0 10 0 108.7 11.8
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present were recorded.

Dry weights of each type of food present in a half stomach were

estimated by use of the appropriate average individual dry weight of

the corresponding pond fauna (Appendices 15, 16, 17 and 18).

Sampling Schedule

An attempt was made to provide fish for analysis of stomach

contents at 15-day intervals. The sampling schedule, together with

basic data concerning the sampled fish, is presented in Table 32.

A total of 546 fish was seined from the pond between May 31,

1962 and March 21, i963. This sampling schedule, covering 19

semimonthly periods, corresponds to the schedule that provided data

used for growth study (Appendix 11). The food study was based on a

total subsample of 203 fish of which 13 were found empty. Fork

length ranged from 36. 6 to 118. 9 mm, and live weight from 0. 5 to

12.6 g.

Qualitative Results of Analyses of Stomach Contents

Generalities

Results observed on individual fish were pooled into a composite

sample which will be considered as qualitatively representing food

intake on the sampling day. Total number and total dry weight of
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organisms in these composite samples are presented in Appendices

24 and 25 respectively.

Considering the relative abundance of the different groups of

organisms first, it was found that Insecta was the primary source of

food throughout the rearing year. Crustacea, represented by Clado-

cera and Copepoda exclusively, were only sporadically of importance

(fall 1962). It was also observed that, except on one occasion (16

November), insects of terrestrial origin were of no importance as

trout food for the pond. Among the aquatic insects, Chironomidae,

and more specifically Orthocladiinae larvae, outnumbered the other

groups.

When dry weights were considered, however, some of the pre-.

ceding conclusions appeared misleading. Although Chironomidae re-

mained rather important, Libellula and Callibaetis quite often formed

a great part of the food present. This became particularly evident

from mid-August on, in fish at least 7 cm long.

Overall Relative Importance of the Food Organisms

To ascertain the overall relative importance of each group of

organisms as trout food, data of Appendix 25 (dry weight of stomach

contents by taxon) were transformed into percentages and yearly av-

erages were calculated. Sample 19, obtained at the draining of the

pond, was not included. Results are summarized in Table 33. The
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groups of organisms of greater importance can be classified in the

following order: Chironomidae, Callibaetis and Anis optera (Libellula

mainly). All the other groups formed, in average, less than 10 per-

cent of the total food ingested. Among the Chironomidae, the great-

est contribution came from the Orthocladiinae and the Chironomini

which were found to make up together about 81 percent of the total

weight of chironomids.

Table 33. Yearly averages of relative percentage occurrence of food organisms in trout stomachs.

Organism Yearly average in
percent total dry weight

Anisoptera 17.69
Coenagrionidae 4. 20
Callibaetis 24.64

Coleoptera 5.07
1-lemiptera 4. 86
Trichoptera 1. 19
Diptera

Non-Chironomidae 1. 54
Chironomidae 31.97

Procladius 1.98
Ablabesmyia 1.56
Ortjiocladiinae 12. 73
Tanytarsini 2. 70
Chironomini 13. 00

Crustacea 8. 19

Miscellaneous
Aquatic forms . 10
Terrestrial forms . 55

TOTAL 100.00
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In Table 34, yearly averages of the relative percentage occur-

rence of each of the three chironomid developmental stages are pre-

sented. Larvae contributed 51 percent of the total chironomid dry

weight. Pupae represented 38 percent and adults only 11 percent.

As larvae, the Orthocladiinae group was of greatest importance while

as pupae it was the Chironomini group.

Table 34. Yearly averages of relative percentage occurrence of Chironomidae larvae, pupae and
adults in trout stomachs.

Yearly average in
Organisms percent total dry

weight

1. LARVAE ............................................................ 16. 28

Procladius 1.07
Ablabesmyia 1.06
Orthocladiinae 8.48
Tanytarsini 2, 11
Chironomini 3. 56

2. PUPAE .............................................................. 12. 14

Procladius .87
Ablabesmyia .51
Orthocladiinae 2. 82
Tanytarsini . 57
Chironomini 7, 37

3. ADULTS ............................................................ 3. 55

Procladius . 03
Ablabesmyia -

Orthocladiinae 1. 42

Tanytarsini . 05
Chironomini 2. 05

CHIRONOMIDAE TOTAL ................................................. 31.97
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Seasonal Fluctuations in the Quality of Ingested Food

Considering that the food ingested was not necessarily abruptly

changing from the end of a month to the beginning of the next one, per-

centages derived from Appendix 25 were lumped together as described

in Table 35. Weighed monthly averages were then computed, from

which seasonal means were derived. Results are presented in Appen-

dix 26.

Table 35. Data relative to the average composition of food ingested
each month.

Month Avg. based on Fish, average
1962-1963 samples ser. no. Length Weight

mm g

June 1, 2, 3 47. 6 1. 3

July 3, 4, 5 62. 6 3. 0

August 5, 6, 7 77.4 5.3

September 7, 8 86. 1 6.9

October 8, 9, 10 90. 6 7. 6

November 10, 11, 12 91.7 7.5

December 12, 13, 14 95.4 8. 1

January 14, 15, 16 96.4 8.2

February 16, 17, 18 98.3 8.7

March 18, 19 104. 6 10. 6
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Seasonal fluctuations: On a dry weight basis the average corn-

position of the food ingested varied from season to season. The or-

ganisms contributing the most in each case were as follows, in order

of importance:

Summer : Chironomidae, Callibaetis and Anisoptera
Fall : Anisoptera, Crustacea, Chironomidae and Callibaetis
Winter : Callibaetis, Chironomidae and Anisoptera

These organisms constituted, on the average, respectively 71,

88. 6 and 82 percent of the total weight of food ingested.

Monthly fluctuations: The average composition of the food in-

gested each month is diagrammed in Figure 24. Fluctuations of five

groups of organisms only will be considered hereafter.

a. Anisoptera: They became increasingly important from

August until November. Then, their importance gradually decreased

until February.

b. Callibaetis: Taken as food from the day of stocking, the

amount ingested increased until August, then gradually decreased

until October. In November, it was practically absent from the food.

In later months, it regained more importance.

c. Orthocladiinae: Although largely present during the two

first months, this group of organisms later on lost its importance.

Part of it was regained in winter.

d. Chironomini: They showed practically the same trend of

relative importance as the previous group.
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Figure 24. Composition of food material by month.

The section of each column represents, superimposed in the order shown on right,
the percentage dry weight of the total food material formed by the different groups
drawn on (modified from Neill, 1938. p. 507).

No. Organisms

13 Miscellaneous Ins ecta and Arachnida.
12 Coleoptera: Hydrophiiidae, Dytiscidae and Haliplidae (Larvae mainly).
11 Crustacea: Copepoda and Cladocera.
10 Chironomidae, Chironomini: larvae and adults.

9 Chironomidae, Chironomini: pupae.
8 Chironomidae, Tanytarsini: pupae and adults.
7 Chironomidae, Tanytarsini: larvae.
6 Chironomidae, Orthocladiinae.
5 Chironomidae, Tanypodinae.
4 Hemiptera: Notonectidae and Corixidae.
3 Ephemeroptera: Callibaetis (nymphs mainly).
2 Odonata, Zygoptera, Coenagrionidae.
1 Odonata, Anisoptera, Libellulidae (nymphs only).
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e. Crustacea: Although present each month, they only acquired

importance from September until November. Still well represented

in December, they then became unimportant from January through

March.

As already said in a previous section, the five groups listed

above constituted the major part of the steelhead diet throughout the

year.

Quantitative Results of Analyses of Stomach Contents

Generalities

Quantitative data gathered as previously described, and also

derived from results presented in Appendix 2.5, are summarized in

Table 36.

iThe average quantities of food recorded from the anterior half

of the stomachs were doubled to give estimates of the average total

stomach contents, on a dry weight basis. The latter values were then

Iexpressed in parts per 10, 000 (p. p. l0) of the average fish live

weight to yield a value which will be referred to as the 'Teeding In-

dex" (instantaneous values, listed in Table 36, column 4).

The total number of empty stomachs (Table 32.) was expressed

in percent of the sample size (Table 36, column 5). This percentage

will be considered as an inverse estimate of the food availability in

the impoundment (61, p. 11).



139

Table 36. Food study Quantitative data.

Fish, Food, Feeding Empty
Date avg. avg. index stomach

1962-196 3 live dry weight
weight per stomach

rng p.p.104

3lMay .8 10.1 120 0

12 June 1. 3 12.7 98 7.7

25June 1.8 18.4 100 0

10 July 3. 6 24. 2 68 14.0

27 July 3.7 29.5 80 9.4

l4Aug 5.4 50.3 92 12.5

4 Sept 6 8 68. 7 102 6.5

28 Sept 7, 1 46, 3 66 2.7

13 Oct 7.9 13,8 18 20.8

3 Nov 7.7 25.8 34 5.9

16 Nov 7.4 99.7 136 3.6

30 Nov 7.4 56, 8 76 4.0

17 Dec 7.8 49.3 64 7.7

4Jan 9.2 50.4 54 3.4

l8Jan 8.4 80.7 96 8.7

1 Feb 7. 1 38.6 54 3.6

l4Feb 9.6 42.6 44 0

28Feb 9.3 35,2 38 3.1

21 March 11. 8 283, 8 240 0



Food Quantity Ingested and Feeding Index

Under normal food occurrence (Series 1-18), the average dry

weight of food ingested by individual trout varied from 10 to 100 mg.

In late March, when food was superabundant due to the slow draining

of the pond, fish averaging 12 g were found with distended stomachs

containing, in average, about 284 mg of dry food. This value may be

considered as the maximum stomach capacity for steelhead of this

size.

The Feeding Index varied from 18 (mid-October) to 136 p.p.104

(mid-November>. It varied greatly from period to period, mainly

with food availability and water temperature as will be discussed

later. Its maximum value for fish averaging 12 g may be considered

as close to 240.

Occurrence of Empty Stomachs

The percentage of empty stomachs varied between zero and

20. 8 percent. The high value was observed in mid-October. Rela-

tively high values were also obtained for the period from mid-July

until mid-August.

Seasonal Fluctuations in the Amount of Arthropoda Ingested

Monthly weighed averages for the amount of Arthropoda were



Table 37. Monthly fluctuations in the amount of Arthropoda ingested.

June July Aug Sept Oct Nov Dec Jan Feb Mar Year

Fish, average fork 4.8 6. 3 7.7 8.6 9. 1 9.2 9.5 9.6 9.8 10.5 -

length, cm

Sample size 31 36 34 21 3231 30 30 31 21 296

ooda:

1. Total number 924 1074 264 302 232 294 460 476 448 430 4904

Average number 29.8 29,8 7,8 14.4 7.3 9.5 15.3 15,9 14,4 20.5 16,6
per fish

Percentage for the year 18 18 9 4 6 9 10 9 12 100

2. Total dry
weight, mg 66 130 276 286 110 262 222 278 186 792 2608

Average dry
weight/fish, mg 2. 13 3.61 8. 12 13.62 3.44 8.45 7.40 9.27 6.00 37. 70 8. 81

Percentage
for the year 2 4 8 14 4 8 7 9 6 38 100
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calculated on the bases detailed in Table 35, using composite samples

of entire stomachs. 1 Results are summarized in Table 37 and in

Figure 25,

Seasonal fluctuations existed both for average number and

average weight of Arthropoda ingested by individual trout as part of

their daily ration. Of the total number of organisms ingested during

the rearing period, 50 percent of them were obtained during the four

summer months, 19 percent in fall and 31 percent in winter. From

the standpoint of dry weight, however, only 28 percent were taken

during the summer, 19 percent in fall, but as much as 53 percent in

winter. This last high percentage was due mainly to the great amount

of food present in the stomachs during the draining period. Again,

very low values were observed in October.

Individual Variation in Stomach Contents

Relative number and weight of the various organisms were ob-

served to differ greatly, within the same sample series, from one

stomach to the other. To study these individual variations in stomach

contents, I considered the three seasons separately. For each of

them, I cFose the sample series thought to be the most representa-.

tive of the average feeding conditions observed during this particular

'Original results obtained from half-stomach analyses were
doubled.
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season. The best-represented food organism was selected and its

data used as a basis for a chi-square test performed according to the

method outlined by Li for binomial populations (64, p. 413). The fol-.

lowing organisms were selected according to the season studied:

Summer (14 August) : Callibaetis nymphs
Fall (30 November) : Orthocladiinae larvae
Winter (28 February) : Chironomini pupae

Basic data are tabulated in Appendix 27. Results are summar-

ized in Table 38.

Table 38. Individual variation in stomach contents--Chi-square test.

Pooled
2Season Organism estimate observed

of the with 9 df
variance

I. Numbers:

Summer Callibaetis . 22449 38. 06**
Fall Orthocladiinae . 23954 22. 53**
Winter Chironomini - 18439 23. 42**

II. Dry weights:

Summer Callibaetis - 17401 59. 67**
Fall Orthocladiinae . 06852 14. 39
Winter Chironomini - 23146 33. 83**

Significant at the 1 percent level.

A highly significant difference was found to exist among fish for

both numbers and weights of the organisms considered, except for

weights of Orthocladiinae larvae. A great individual variation in
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stomach contents was observed throughout the stomach analyses.

This would suggest the necessity of taking sample sizes larger than

10 to 14 in future investigations.
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PART III - DISCUSSION

In contrast with the static concepts of biomass and yield, net

production is a dynamic quantity. Its computation is based on a

mathematical model in which growth was assumed to vary as a simple

exponential function. It was estimated as the product of the instan-

taneous rate of growth and the average population biomass. Natural

mortality and growth occurring in the trout population induced changes

in biornass, the result of which was the final yield.

The preceding scheme of natural events was adopted to discuss

the results presented in the previous pages. Growth, biomass, pro-

duction, and yield will be successively considered. The feeding pat-

terns (mainly the qualitative aspects) will be discussed in the section

on Growth. The relation of food supply to production will be presented

in a separate section. Finally the dynamics of the production of the

population of the insects important as food for fish will be discussed.

Growth

The growth of a fish, as in any other animal, directly results

from the consumption of food, its assimilation and its transformation

into body constituents. It is regarded as the energy surplus available

and transformed to tissue after the metabolic requirements for

maintenance have been met. Therefore, it is to be expected that
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growth basically will depend on the same factors as those affecting

the metabolism in general.

Each of the life periods of a fish is characterized by a particu-

lar type of growth (20). The growth of juvenile fish, according to

Nikolsky, 'is most closely related to the food supply" (83, p. 203).

For fish in general, the importance for growth of the available food

has been put forward by many authors whose studies were recently

reviewed by Brown (20). Adequate quality (e.g. calorific content,

trace elements, size of food particles) as well as sufficient quantity

are essential if optimum growth is to be obtained.

At the end of their parr stage of life, the fish enter a transi-

tional period during which the smoltification processes take place.

Profound physiological modifications result in a fast consumption of

the fat reserves, a simultaneous increase in protein and mineral

content and a retardation in the linear growth of the fish (71, p. 4-6).

A distinct fall of condition factor is also generally observed during

this period (53, p. 459). All the preceding phenomena were relatively

well demonstrated by the steelhead population under study, in March

1963 (Figures 13 and 15).

It may be concluded that the mean growth of the individual juv-

enile steelhead observed in the present study reflects the result of

the physiological and ecological opportunities offered to the fish

during the rearing period. Considering their parr stage of life,
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the factors to be taken into account in the present study may be re-

duced to temperature and food supply because of their outstanding

importance for growth. 1 Figure 26 summarizes the observed rela-

tionships.

Growth and Temperature

Rainbow trout are known to be the trout most tolerant to range

in water temperature. Needham states that they can stand maximum

summer temperatures up to 28. 3°C (80, p. 40). Schaeperclaus

raised rainbow trout fingerling in carp ponds "where the surface

temperature could reach at time 30°C' (101, p. 97). But in both

cases the oxygen content of the water remained near saturation (7. 8

p. p.m. at 28°C). Best development of rainbow trout requires lower

maximum water temperatures: 24. 0 to 26. 5°C (80, p. 51), 15 to 200

C (101, p. 97). Of interest are physiological responses to tempera-

ture values observed under laboratory conditions (101, p. 97):

-Highest rate of food ingestion : 19°C

-Greatest food assimilation : 9°C

-Highest conversion efficiency into growth : 9°C

Digestion in trout takes place in a peptogenic and acidogenic

'The oxygen content of the water mass is not considered as a
factor limiting growth because it never declined to low values in the
impoundment as a whole (Figure 9).
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stomach (pH less than 5). The trout pepsin retains its digestive

power between 0°C and 40°C, the optimum temperature of activity

being 15°c (101, p. 17). Cornelius (26) experimenting with rainbow

trout found that at 9. 2°C small fish were digested in 11 to 12 hours

while spleen required only 6 to 7 hours. Leonard studying brook

trout fingerlings in winter observed a very slow rate of digestion:

after three hours midge larvae and annelids were still found alive in

the gut (63, p. 226). Steelhead were found exhibiting rather special

behavior in acclimation (39, p. 563): the lower the acclimation temp-

erature, the higher the 'Tpreferred" temperature. The final thermal

preferendum was 13°C.

It may be concluded that water temperature is one of the main

modifiers of metabolic processes and bodily activity (38). When it

increases:

-maintenance requirements of the fish increase (11, 19, 88, 107)

-loss of weight during starvation is more rapid (88, p. 463)

-activity and food intake increase (88)

-digestion rate increases (e.g. 26)

-efficiency of food conversion into growth changes (19, 26)

From the preceding considerations and the limnological results

gathered at Whistler's Bend Impoundment (Figure 9), I conclude that

high lethal temperatures were never reached. But, during the sum-

mer, water-mass temperature, varying between 20 and 240C, may be

responsible for high maintenance requirements and low conversion
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efficiency of food into growth. Consequently, during this season,

the conversion efficiency will be mainly dependent on the food supply

available. This was especially important in June, when fish were

going through a period of adaptation to their new environment, when

they were of very small size (highest basal metabolism) and exposed

to high water temperatures. This may explain the rapid drop of the

growth rate during this month in particular (Figure 15). The sudden

increase in growth rate observed in early October can be explained

by the rapid decrease in temperature occurring then. But no explan-

ation is available for the increase in growth rate observed in late

July when particularly adverse limnological conditions developed in

the pond. In fall, a constant increase in growth rate occurred from

early November until late December. The water temperature gradu-

ally decreased from 13 to 7°C, the latter value being within the opti-

mum thermal range for best food assimilation and conversion into

growth.

The main effect of unfavorably low temperature on poikilo-.

thermal animals is to depress their activity, resulting in reduced

feeding and growth (68, p. 162). Rainbow trout captured from

streams in winter (water temperature 2. 8°C) were found with their

stomach only filled to about 10 percent of their capacity (80, p. 124).

Reynolds (90, p. 53), studying brown trout in Ireland, recorded an

increased number of empty stomachs in wintertime. At water
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temperature close to 0°C feeding had not entirely ceased but was

minimal. For the same species a "marked sluggishness at 6°C"

was recorded by Neili (82, p. 506). Atlantic salmon parr remained

quiet in deep river pools and fed slowly when water temperature

dropped below 7°C (3, p. 20). Definite seasonal changes in their

stomach contents could not be correlated with fluctuations in the

available food supply. Low temperature was considered the limiting

factor (4, p. 282). Very low monthly instantaneous growth rates (.01

to . 02) were reported for yearling rainbow trout in dystrophic lakes.

The drop of water temperature below 8°C in the surface layer was

considered as the causal factor (57, p. 122).

In Whistler's Bend Pond a rapid decrease in the growth rate

took place in January, accompanied by a general loss in weight (Fig-

ure 26). At that time, ;he temperature of the water mass was below

6°c (Figure 9). As soon as the latter began to rise in late January,

the growth rate increased and reached positive values again. The

percentage of empty stomachs during this coldest period varied be-

tween 3. 4 and 8. 7, showing that feeding was taking place for most of

the fish population. But digestion should be relatively slow, explain-

ing the large amount of food recorded from the stomachs, particularly

at the time of the lowest thermal conditions (Figure 26).

Generally, growth in length and growth in weight vary in a

parallel way as was oLserved for brown trout (13, p. 16-20). The
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specific rates for each kind of growth vary seasonally, the growth

rate for length becoming greater than the growth rate for weight in

winter as a consequence of the decrease in fat content. A measure

of the relativity of this change is offered by Hbi (length exponent in

the length-weight relationship) which is the ratio of the specific growth

rate for weight to that for length (20, p. 370). Where growth is iso-

metric, b equals 3. The value of b was shown in the present study to

be smaller than 3, mainly from November until mid-February (Figure

12), linear growth taking place at a greater rate than growth in weight.

At the end of this period, the fat content was found to be about 5 per-

cent of the dry weight of the fish (Figure 13).

The condition factor "K' has been widely used for comparing the

'plumpness' of fish of same length. This factor however does not

provide a reliable method for fish of different sizes unless they show

little change in their length-weight relationship with growth (13, p.

20; 20, p. 371; 62, p. 204; 91, p. 74). Isometric growth occurred

mainly in summer, fall and February (Figure 12) and the corres-

ponding K-values may be used as an index of the trout condition

during these periods.

Seasonal dynamics in saimonid condition have been demon-

strated by many authors. A peak is generally reached in summer

followed by a decline until winter when the lowest values are ob-

served. This pattern was found for brown trout in streams (25,
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p. 182; 90, p. 50) and in lakes (13, p. 21; 84, p. 182); for brook

trout (25, p. 182; 73, p. 22) and Atlantic salmon juvenile (5, p. 277;

53, p. 459). In reservoirs, the condition of coho and chinook salmon

fingerling varied seasonally (45, p. 13; 52, p. 24; 113, p. 6). In

general, both temperature and food were considered as the causal

agents.

The preceding trend was confirmed by the present study also,

even though half of the K-values could not be used for a comparative

purpose (TTbT! different from 3). A plateau was reached in August

(K 1. 10 - 1. 15). In September there was a decline followed by a

stabilization in October (K = 1, 00). A minimum value was obtained

at the end of January. Temperature seemed to be the main factor

involved.

The condition factor is known to be related to the fat content

of the fish. In summer and in February, the percentage of crude fat

increased, as did the condition factor (Figure 13). Fat was shown by

Swift to be the main food reserve, the gut wall being the principal

storage organ in brown trout (108, p. 755). It was accumulated dur-

the the summer by the young steelhead and gradually used up later

on, especially in late October (food deficit) and in January (low water

temperature), periods during which a decrease in average weight was

recorded (Figure 15).

Seasonal periodicity is a characteristic feature of growth of
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poikilothermal organisms, e.g. fish, living in temperate climates.

Growth tends to fall to zero in winter (93, p. 383), This seasonal

pattern has been emphasized for saimonids by many authors. Allen

particularly showed that rapid growth is typically a summer effect"

in brown trout (2, p. 336). He detected very marked changes in the

growth pattern of Atlantic salmon fingerling (3, p. 19; 5, p. 277).

Juvenile Pacific salmon (coho and chinook) stopped growing in weight

in reservoirs situated in central Oregon and southwestern Washington

in early fall (52, p. 20; 113, p. 5).

This seasonal growth pattern however is more adequately em-

phasized when growth rates are available for each season separately.

Data pertinent to salmonids living in lentic environments are sum-

marized in Table 39. The 'annual' growth rate is also given. In all

cases, the conditions of rearing were natural.

Table 39. Seasonal g'owth rates ojuvenile_salmonids 1einironments.
Avg. instantaneous
d4,y growth rate

Place Csas ' ocses WYr Reference

Whistler's Bend ? S. i 028 .002 .012 (P. 65)
(Ore.

)
(I

Laramie Pond ? S. fcntiaaiis .020 .003 .008 (36, p. 62)
(N.Y.) (fingeriteg)

Cultus Lake Oligotrophic 0, nrka .021 .002 .009 (96, p. 181)
(B.C. (ingefg)

Paul and Peter Lakes Dystrophic S. gdmri .009 (.001) (.004) (57, p. 122)
(Wisc.

)
(ycailiog)

* Honnedaga Lake wild strain,
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The seasonal nature of growth clearly appears from the compar-

ison of summer and winter values in Table 39. It existed in all types

of ponds and lakes and for all species compared. The difference

among seasons is accentuated for small-size fish and in more produc-

tive environments, When annual growth rates are considered, a rel-

atively high value was obtained in Whistlers Bend.

Growth and Feedi

In the previous section I have already discussed how low temper-

atures interfered with feeding activity, indirectly affecting growth.

Now, I shall examine the direct effect on the latter of the feeding it-

self. Both quality and quantity of food are important and will be dis-

cussed successively.

When fish have access to a qualitatively unrestricted food supply,.

the size of the chosen food particles increases as the fish-predator

size increases. The size of the ingested food will, in such circum-

stances, depend on the calorific value of the food particle and on the

amount of energy which has to be expended in its capture (83, p. 276-

277). Nilsson, studying the food habits of S. trutta and S. alpinus in

northern Swedish lakes, was able to show that when these fish had to

turn to smaller food objects, a lower growth rate as well as a de-

crease in condition was observed (84, p. 183). He also observed that

brown trout fry consumed much smaller objects than did larger fish
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(85, P. 161). These facts will be re-.examined later on when the in-

creasing proportion of zooplanktcn eaten by the trout population in

October and November will be dealt with.

The range of the diet of saimonids is considerable and differs

from one environment to the other. Needham, after reviewing the

subject, concluded that trout were essentially "opportunistic feeders",

their feeding habits being entirely dependent upon local conditions (80,

p. 126). Neill after studying in great detail the feeding of brown trout

in a stream stated that 'in range, the brown trout's feeding extends to

all aquatic fauna capable of being ingested" (82, p. 516). In Swedish

lakes, trout and char were observed feeding in their respective habi-

tats on whatever was most easily available (84). It may be concluded

that seasonal variations in the quality of food ingested have to be ex-

pected as the result of the seasonal dynamics of the food organisms

themselves. A measure of "availability" of food organisms will be

presented later on.

Several sources of food were available to the trout population

living in the impoundment: fish, endogenous invertebrates (littoral

fauna), zooplankton and exogenous invertebrates including emerged

insects and terrestrial organisms. The small contribution of exo-

genous forms, the sporadic importance of zooplankton, the practical

absence of fish as prey and the major role played by endogenous in-

sect forms in the diet of the reared juvenile steelhead were previously
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presented. From the literature, I conclude that these results re-

flected a normal pattern.

Needham observed that rainbow trout secured the great bulk

of their food below the water surface (80, p. 123). Neill stated that

surface organisms played only a casual and minor part in the food of

brown trout in a stream in summertime (82, p. 490). For the same

species and type of habitat, Reynolds recorded bottom organisms as

dominant food of fingerling (90, p. 51). The same was observed in

lakes for brown trout feeding in the shallow areas (84). Allen found

that surface food was taken only to a limited extent and especially in

the summer by stream brown trout (2, p. 343; 7, p. 129). Lowry

wrote that Uterrestrial arthropods appeared to be relatively unim-

portant' to cutthroat trout in three Oregon coastal streams (66, p. 52).

In the same streams however Chapman studying coho salmon finger-

ling determined that 30 to 34 percent of the annual diet was constituted

by terrestrial insect forms (23, p. 135). Lowry attributed the differ-

ence in feeding habits between the two species to behavior, the trout

seeking more cover than the salmon. The minor role of exogenous

organisms seems to be well established for brown and rainbow trout,

both in lotic and lentic environments.

The absence of fish from the diet of trout in Whistler's Bend

was stressed before. Even though the size range extended from about

5 to 12 cm in late September (Figure 14), no evidence of cannibalism



159

was ever established. Metzeiaar, who analyzed the contents of 47

rainbow trout, concluded that they turned from an insect to a fish

diet when about 22 cm !ong (74, p. 149-150), In various Oregon lakes,

fish were found only in rainbows at least 30 cm long (29, P. 17).

Schaeperclaus stated that, when naturally reared, rainbow trout may

remain insectivorous during the first three to four years of their lives

if an adequate food supply is available (101, p. 13). As a conse-

quence, I consider that cannibalism did not take place to a large ex-

tent in the pond under study.

The insectivorous character of the diet of juvenile rainbow trout

has been put forward by many authors. In particular, Dimick and

Mote analyzed stomach contents of 19 rainbow trout ranging in size

from 10 to 48 cm, obtained from Oregon lakes. For all seasons of

the year, their dominant food was insects of aquatic origin, making

in average 93. 8 percent of the total number of organisms eaten (29,

p. 6). The same conclusion was reached for brown trout by various

other authors (e.g. 37 p. 85 and 82, p. 506).

The type of food which is eaten is basically determined by the

size of the trout, but other factors have to be taken into consideration

if growth is to be related to the food supply. The variations in the ex-

tent to which the different food constituents of the fauna are preyed

upon by the fish must be estimated. The first attempt was made by

Neill when studying in great detail the feeding habits of brown trout
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in River Don, Scotland (82). He grouped the whole fauna into five

ecological categories assigning to each of them a "coefficient of

accessibility" estimated from all biological data available. The rela-

tive accessibility to the trout of each of the main food organisms was

then calculated and a considerably improved correlation was obtained

between 'accessible' fauna and stomach contents (82, p. 513). Three

years later, Hess and Swartz proposed the use of the "forage ratio",

defined as the ratio of the percentage of a given kind of organism in

the stomachs to its percentage in the environment (50, p. 162-164).

Independently, Allen defined the same year the equivalent "availabil-

ity factor" (4, p. 5059),

The measure of the relative extent to which the different organ-

isms present in the environment are utilized as food by the fish will

be referred to as the "forage ratio (F. R. ). This concept was critic-

ally reviewed by Allen (6) whose comments may be summarized as

follows:

-He could not detect any significant differences between the mean

availability factors calculated for different salmonid species. Well-

marked changes however were observed as size increased.

-Although a numerical basis is easier to use more informative values

are obtained by volume or weight measurements.

-The forage ratio does not account for the variation in the digestion

rate of different organisms. This error may cause the ratio to be
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too high for chitinized, slowly digested organisms and too low for

soft-bodied, rapidly digested ones.

-An active selection of a particular type of food may exist resulting

in an increase of the apparent F. R,

-The relative degree of utilization of the components of the endogenous

fauna only may be compared.

Forage ratios were calculated for the main food organisms at

monthly intervals. They are grouped in Table 40. A graphical pre-

sentation of the relation which existed between fauna present and

consumed is provided in Figure 27. Computations were made on a

dry weight basis.

The interpretation of the forage ratio requires consideration of

both the fish behavior and the nature of the organism. Nilsson, study-

ing the feeding behavior of fingerling brown trout, concluded that the

fish showed little or no preference in feeding habits when young.

'They snapped at every moving object, ejecting non-edible particles"

(85, p. 165). He also stressed the tendency of salmonid fish to be-

come adapted to a certain food organism when this organism "reaches

an abundance that makes it more available to fish than any other food

object occurring at that time" (85, p. 165). Allen observed this se-

lective feeding behavior for Atlantic salmon parr (4, p. 76) but was

unable to detect it for brown trout (7, p. 140). Not only the relative

abundance of an organism but also its size and the extent to which its
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Figure 27. Qualitative comparison between littoral fauna and trout stomach contents at
monthly intervals. Each section represents the percentage dry weight of the total littoral
fauna present in the pond or of the average total food material found in the stomachs.

LEGEND

13 Miscellaneous Ins ecta and Arachnida
12 Coleoptera (larvae mainly)
11 Crustacean zooplankton
10 Chironomini : larvae

9 Chironomini pupae
8 Tanytarsini pupae
7 Tanytarsini larvae
6 Orthocladiinae: larvae and pupae
S Tanypodinae : larvae and pupae
4 Hemiptera : nymphs and adults
3 Callibaetis nymphs
2 Coenagrionidae nymphs
1 Libellulidae nymphs
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appearance and habits make it visible to the trout will influence the

value of the forage ratio. These characteristics may be summarized

for the main groups of organisms present in the impoundment under

study as follows:

-Odonata nymphs (109, p. 114-142):

-Gomphidae live buried shallowly in the bottom sediments; before

transforming into adults they move to the adjacent shore.

-Libeliuiidae mainly sprawl on the bottom in shallow water areas.

They climb out of the water on emerged objects prior to trans-

formation,

-Coenagrionidae climb among the vegetation, are fast swimmers

and protectively colored. They leave the water prior to trans-

formation.

-Ephemeroptera nymphs (79, p. 209 and 396):

-Caenis: this is a bottom sprawier and burrower, hiding among

the gravel particles.

-Callibaetis. Animal of this genus climb among vegetation and

actively swim around, They are protectively coiqed and relatively

medium - s i z e d. N

-Chironomidae: The larvae are bottom dwellers. Most of them are

burrowers or live in tubes, Tanypodinae are vivid, free living

forms. The pupae are quiescent or active. They rise to the water

surface to transform into adults. The forage ratio of the preceding



165

organisms for fish not limited in their feeding either by mechanical

(size) or physiological (effect of temperature or oxygen concentra-

tion) factors may be assumed to be as follows:

Forage ratio very low : Gomphidae

Forage ratio low : Caenis

Forage ratio moderate Libellulidae, Coenagrionidae,

Callibaetis, and all Chironomidae except Tanypodinae.

Forage ratio high : Tanypodinae (Procladius and

Ablabesmyia)

The departures from the preceding scheme (for the values shown

in Table 40) can be explained by considering the size of the fish rela-

tive to their prey and the limnological conditions. Anisoptera and

Coenagrionidae were unavailable to fish until the end of July at least.

At this date the average length of the fish was close to 7 cm (Figure

Z7). The availability of Libeilulidae then became greater and greater

until mid-October and then decreased again during late fall and winter.

The forage ratio of Coenagrionidae suddenly became very high in Sep-

tember, due mainly to the presence of young nymphs at this time.

Callibaetis became available to small fish about one month after the

stocking of the pond. Fish averaged a little more than 5 cm at that

time. The rest of the year, the forage ratio remained moderate until

January and February when the abundance of Callibaetis_nymphs

reached its peak (Figures 19 and 20). Selective feeding may have



1/Table 40. Forage ratio for the main food organisms.
2/Organisms- Date, l962-1963

(immatureforms) 29 May 27 Jun 30 Jul 9Sep l4Oct l8Nov I8Dec l8Jan l6Feb

Anisoptera 0 0 0 5 1.4 1.0 .4 . 2 .3

Coenagrionidae 0 0 0 13. 7 0
. 9 . 6 2. 8 0

Callibaeti.s 0 1,2 .6 1,1 1.0 .3 2,5 10,4 5.2

Chironomidae 5. 9 4.4 . 6 2. 5 . 2 1.7 2. 5 . 8 1, 6

Procladius 7, 5 0 . 1 8. 3 4. 6 . 1 0 0 0

Ablabesmyia 13.2 5.2 3.2 0 13.8 0 6.3 0 2.3

Orthocladiinae 9.3 209.0 .7 1.9 11,0 2. 1 3.9 7. 2 28,5

Tanytarsini 15. 8 1.0 . 3 . 2 1.0 . 2 69.8 4. 6 102, 1

Chironomini 3.8 .4 .7 1.7 0 2,9 1.2 .3 .7

Avg fish length,mm 43 52 69 85 93 91 95 97 102

Empty stomachs, % 0 0 9.4 6.5 20. 8 3. 6 7.7 8.7 0

1/ Dry weight basis.
2/ Crustacea not included. No information available about their abundance in the environment.
3/ Date of sampling of the environment. The corresponding stomach sample was taken as close

as possible to this date (see Table 15).



occurred then, raising the forage ratio to abnormally high values.

Chironomidae in genera! had a moderate ratio except for the first two

months. During this period, all chironomid groups showed a very

high F. R, except Chironomini, most of them being probably of too

large size. When present in the pond, Ablabesmyia was the most

available chironomid. in general. In winter however, high ratios

were found for Orthocladiinae and Tanytarsini, probably due to se-

lective feeding. The period of lowest availability for all food organ-

isms occurred in late July, when their biomass also reached its

minimum value (FIgure 26), The same decrease of the forageratio

values in general was also recorded in midNovember when the bio-

mass of the littoral fauna reached a second low value (Figure 26).

The quality of the food found in the fish stomachs varied ac-

cording to the availability of the organisms present to the fish. Fol-

lowing the food classification proposed by Nikoisky (83, p. 284), the

feeding of the juvenile trout i.n the impoundmeit may be summarized

as follows (Figure 24):

- Basic food: trout less than 5 cm : chironomid larvae.
trout from 5 to 7 cm : chironomid larvae and

Callibaetis,
trout larger than 7 cnn Callibaetis and Libellulidae

nymphs.
- Secondary food (trout larger than 7 cm) : chironomid larvae,

Coenagrionidae and Hemiptera nymphs.
- Incidental food : Coleoptera larvae and adult invertebrates especi-

ially of terrestrial origin
- Obligatory food : crustacean zoopiankton.



The occurrence of crustaceans in the diet of juvenile trout

appeared to be related to the amount of available food present. As

soon as placed in the pond, the young fish were observed feeding on

available organisms. Several were found dead with a too large food

object stuck in the mouth. Schaeperclaus stated that under natural

rearing conditions, 50dayold fry ate mainly chironomid larvae.

In less rich ponds, Cladocera and Copepoda were added to their

diet (101, p. 13). This was observed in the present study in larger

fish too. From September to November, the amount of crustaceans

ingested increased constantly (Figure 24). During the same period,

there was a constant decrease of the food biomass present (Figure

26). In December, although the biornass started to increase, it was

still at a low level and crustaceans were still present in a fairly

large amount in the fish stomachs.

In October 1962, a decrease in growth rate toward a negative

value was recorded. It can only be related to feeding conditions

(Figure 26). This seems justified by the facts that in October a

large percentage of empty stomachs were found (yearly maximum),

and that the feeding index was very low (yearly minimum). The bio-

mass of food, although decreasing, was not in short supply (Figure

26). Water temperature was 14°C and slowly decreasing. Oxygen

was plentiful at all depths (Figure 9). The movement of the fish
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population in the shallow areas was observed to be reduced (p. 48)

leading to assume that most of the population was active in deeper

areas. The reason for this might be found in the increased turbidity

caused by the important rainfall occurring in late September to early

October (Figure 3). The availability of food organisms was probably

greatly reduced, particularly in the more turbid shallow areas. Fish

expended more energy in searching and capturing their food, less en-

ergy became available for growth and a decrease in growth rate re-

sulted. In late October, the energy spent in the maintenance and

activity became greater than the energy ingested. Negative growth

rate and loss in weight occurred, the fat reserves being utilized to

supplement the deficit.

The rate of feeding of fish, measured by the daily ration, varies

with many factors, e.g. temperature, food supply available, rhythm

of feeding, size of the fish, etc. many of which were discussed pre-

viously. The relation existing between the daily ration and the amount

of food observed in the stomachs depends mainly on the digestion rate

of the ingested food, 1. e. on the temperature. No accurate data are

available concerning digestion rates and only general trends may be

ascertained on the basis of the observed feeding index and water

temperature (Figure 26),

The tendency shown by the feeding index to be relatively low in

summertime compared to some of the high values recorded later on
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(e. g. November and January) probably may be explained by differ-

ences in rates of digestion. The same phenomenon was observed by

Allen for brown trout (2, p. 346). This would also explain the lack

of correspondence observed between feeding index and food biomass

at certain periods of the year (Figure 26). In late June, although

more food was available, the feeding index was lower than at the

beginning of the same month. In November, the amount of food

found in the stomach reached 136 p. p. while the food biomass

was so low. Not only was the water temperature lower but a great

part of the food ingested consisted of Libellula nymphs supposedly

slower to digest than Callibaetis and Chironomidae. The peak ob-

served in January when the temperature dropped below 6°C also

reflected a very slow rate of digestion although most of the food was

soft-bodied (Figure 24).

IBiomas s

The biomass of the juvenile trout population was calculated as

shown previously (Appendix 12) by multiplying the average individual

weight by the estimated size of the fish population present. The fluc-

tuations of the former value were discussed in the previous section.

The variations of the latter value are reflected in those of the in-

stantaneous mortality rate (Table 11) which will be discussed in the

present section. The causes of mortality will be examined together
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With the yield in a later section.

The mean annual biomass of salmonid populations varies greatly

from one habitat to another. For North American lakes and reser-

voirs, the mean trout bion-iass was estimated to be about 4. 5 kg/ha,

the maxirnui-n value being 45 kg/ha (14, p. 64). In midwestern dys-

trophic lakes, the carrying capacity for pure rainbow trout popula-

tions stocked as yearling was estimated at 56 kg/ha. The limiting

factors were considered as food and the space over which it was

distributed (57, p. 132). Lowry estimated the mean annual biomass

of cutthroat trout in three Oregon coastal streams to vary from 33 to

48 kg/ha (66, p. 42). In Lawrence Creek, Wisconsin, the mean an-

nual stock of brook trout was found varying from 37 to 110 kg/ha (73,

p. 15). Allen estimated a value over 294 kg/ha for brown trout in

the Horokiwi stream. Biomass of other native fish was thought to be

at most 65 kg/ha (7, p. 168). Reviewing the literature on the same

subject, he cited values varying from 1. 6 (Michigan) to 486 (Cal-

fornia) kg/ha (7, p. 168),

In the impoundment under study and for a fingerling steelhead

trout population, the mean annual biomass was 25 kg/ha. This value

may he considered as intermediate. It is equivalent to about half the

estimated carrying capacity of dystrophic lakes cited previously. But

in the latter, yearlings were involved whose maintenance require-

ments are proportionally lower than those of smaller fish.
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The total biomass ranged from 5. 9 kg/ha (stocking rate) to

31. 6 kg/ha, a peak value reached in late September (Figure 28). The

greater part of the increase was observed between stocking date and

end of August. In fall and winter, variations may be related mostly

to food supply (October) and low water temperature (January) as

previously discussed.

Very few values for instantaneous mortality rates were reported

in the literature. Allen, studying a brown trout population in a New

Zealand stream, estimated a yearly mortality rate equal at least to

1. 27 for fingerling and 1.77 for older fish (7, p. 102). In Cultus

Lake, the yearly mortality rate in a sockeye salmon population was

2. 80 for fingerling and 2. 30 for yearling (96, p. 181 and 195). For

brook trout fingerling raised in a 0. 5 acre pond (N. Y.), the yearly

rate varied from .45 to 1. 35 (36, p. 62). Ricker, reviewing the re-

sults of various authors was able to obtain estimates of yearly mortal-

ity rates for the sauger, the rock-bass and various whitefish living in

practically unexploited lakes. Values varied between . 22 and 1. 68

(94, p. 114 128). Compared to the preceding values, the rate of

instantaneous mortality observed for the steelhead population in

Whistler's Bend Pond was relatively low, totaling only . 96 for 302

days of rearing. One-eighth of this total took place during the first

two weeks and more than a quarter during the first month.

The net change in biomass (Table 11 and Figure 17) represents
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in fact the growth rate of that biomass (56, p. 7). It was found to

acquire negative values in late September, late October and January

mainly. The justification of these results again is similar to that

presented previously concerning the instantaneous growth rate, al-

though in the present case the relative importance of mortality has

to be taken into account. In late September, the biomass reached a

maximum value, the mortality rate being still relatively high (6 per-

cent). The resulting mortality (ZZ kg) combined with a nil production

to give a negative net change in biomass. In late October the produc-

tion itself being negative contributed to still a larger negative change

inthe fish biomass. In January, although the mortality rate had dropped

to 3 percent andthe biomass had slightly decreased, the growth was neg-

ative and a very important decrease in biomass was recorded(35kg).

During the rest of the year, and particularly in summer, the biomass

increment varied according to the value of net production, the mor-

tality fluctuations being comparatively of minor importance.

Net Production

Very little information relative to net production of fish popula-

tions has been reported in the literature, although since the pioneer

work of Ricker and Foerster (96) published sixteen years ago, some

effort was made by various authors to collect the basic data required

for its estimation. Most of the studies have dealt with salmonids.
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only two recent ones reporting results for warm-water fish popula-

tions, Available data are summarized in Table 41,

Table 41. Net production of fish populations in various_environments.
Estimated

net production
Place Type Fish species ke/ha/vear Reference

Paul and Peter Lakes Dystrophic greri
(Wisc.) (yearling)

Subalpine lakes Oligotrophic S. fons
(N. Y.) (adult)

19 to 84 (57, p. 121)

6,7 to 13.4 (47, p. 69-70)

Cultus Lake Oligotrophic 0. nerka 2 to 65 (96, p. 189)
(B. C.) (fingerling)

(yearling) 0.6 to 6.6 (96, p. 196)

Happy Valley Reservoir Eutrophic 0.hatscha 174 to 246 (52, p. 34)
(Ore.) (fingerling)

Horokiwi Stream §. 'utta 275 to 837 (7, p. 174)
(N. Z.) (all ages)

Lawrence Creek Stream S. fontinails 198 (73, cited in 66, p. 46)
(Wisc.) (all ages)

Oregon coast Streams 0. kisutch 95 (23, p. 67)
(juvenile)

41 (66, p. 29)__age___
Wyland Lake Eutrophic Lmac:cchiaus 91 (40, p. 45)

(md. ) (all ages)

Soap Cr. Ponds Fertilized, M. salmoides 114 to 128 (44, p. 22)
(Ore.L 0.5 acre (juvenile)

Whistlerts Bend S. £thle.li (64) p. 81
(Ore.) (fingerling)

In Whistlers Bend Impodndment, the total net production dur-

ing the rearing period (302 days) amounted to 53 kg/ha. To become

comparable to the data presented in Table 41, this value was expanded

to a full year (64 kg/ha). Compared to the results found in the litera-

ture, this production was relatively iow, especially considering that
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the population was composed of young, small size fish. The produc-

tion was only about two-thirds of the yield of juvenile steelhead

cropped from Medco Pond (Table 43),

Figures 15 and 17 show that from September on, the fluctuations

of growth rate and production were essentially equivalent. This was

due to the small changes in total biomass of fish which occurred dur-

ing this period (Figure 28), The causes for these fluctuations conse-

quently are identical to those affecting growth rate and were already

discuss ed.

During the first three months of rearing, the observed varia-

tions in production were related both to changes in growth rate and

biomass. In June, the great decrease in the rate of growth associated

with the relatively low increase in biomass resulted in a decreasing

production. In July, a contemporary increase in both variables

caused the important rise in production. As previously discussed,

no reason could be discovered to explain this sudden increase in

growth rate observed in July. In August, the growth rate again rap-

idly decreased, particu1ary early in the month. But the biomass

still increased because mortality was low, so the decrease in pro-

duction was relatively small.

Such seasonal changes in production potential were also ob-

served by many others,, In temperate climates, the production is

concentrated during the summer. In Cultus Lake, from two-thirds
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to three-quarters of the annual production took place between mid-

June and mid-September. During the winter, it dropped to zero (96,

p. 191). In Central Oregon, from 75 to 80 percent of the production

occurred from June to September (52, p. 29). In the present study,

75 percent of the total production was elaborated prior to September

15. But during wintertime production only dropped to zero (and below

zero) in January when water temperature became very low. The ac-

cumulated production up to the first day of successive months was

calculated from Table 11 (Table 42) and plotted in Figure 28. It

clearly shows how the production was distributed through the rear-

ing period. Although being practically continuous, it occurred at a

decreasing rate, in relation mainly to the water temperature.

The proportion of the net production surviving at the beginning

of each month was calculated as the ratio of the total fish biomass to

the total net production up to the first day of each month. No exact

value could be obtained for July 1 because of the release of more

extra fish in the pond in late June. Results are presented in Table 42

and plotted in Figure 28, The surviving proportion of the production

reached 59. 4 percent at the end of the rearing period. The greatest

rate of decrease occurred in October when the production became re-

duced while the mortality was still high (Figure 28). This observed

survival of the production was relatively high when compared to the

maximum value (35 percent) calculated by Allen for fingerling brown
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trout in a stream (7, p. 177).

An estimate of the efficiency of production is obtained when

comparing the production to the annual yield. For sockeye fingerling,

in Cultus Lake, this ratio was found to be rather constant from year to

year in spite of great changes in growth rates. It deviated slightly

about 3 (96, p. 189). At WhistlerTs Bend, the ratio was found to be

1. 9, the production efficiency being better than in the former case.

The main cause must be sought in the difference which existed be-

tween the magnitude of the mortality due to predation. In Deer Creek,

Oregon, the efficiency of production of juvenile coho salmon (1959

year class) was 2 (23, p. 73).

In many cases, recruitment and emigration of fish make it

easier to estimate efficiency of production in relation to the mean

annual biomass. Such values were calculated by Lowry (66, p. 49)

for stream populations. Efficiency was found to vary from . 87 (cut-

throat trout, Oregon) to 2. 08 (brown trout, New Zealand). For

Whistler1s Bend, the equivalent ratio was 2. 12, a higher value than

those recorded in streams for other trout species. Probably differ-

ences in fish behavior and predation are the main causes.

In the preceding paragraphs, changes in production were mainly

related to water temperature. The discussion of fish production in

relation to the food supply will be covered in a later section.
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Table 42. Accumulated production, mortality and net change in biomass, Percentage of the
production surviving at the beginning of each month.

Cumulative values, Ig Surviving
Date Net change production
1962-63 Net pwduction Mortality in biomass %

iJuly 113.8 16.3 97.5 (97)

lAug 265.6 44.9 220.7 93

1 Sept 419.9 84.2 335.5 86

1 Oct 462.6 128.6 334.0 80

iNoy 479.6 163.8 315.6 71

1 Dec 516,6 194.4 322.2 67

iJan 579.1 219.2 359.9 63

1 Feb 557. 3 237.2 320 1 63

iMar 589.0 247.8 341.2 61

25 Mar 618.9 251,5 367.4 59

(draining)

Yield

According to Hickling, the yield in wild trout waters seldom

exceeds 23 kg/ha (51, P. 16). Mortjmer and the latter author, re-

viewing the literature, reported the following average values of in-

terest (76, p. 37. Table 1):

-Austrian alpine lakes (mainly salmonids) : from 1. 2 to 6. 5 kg/ha.

-Swiss and German alpine lakes (mainly salmonids) : 12. 9 kg/ha.

-Freshwaters of England and Wales (coarse fish included) ; 23 kg/ha.



Mottley estimated the average annual yield for Kamloops trout in Paul

Lake, B. C. , at 11. 2 kg/ha (77, p. 189),

In controlled natural rearing areas the yield may be greatly in-

creased by adequate management. For rainbow trout, Schaeperclaus

reported yields varying from 30 to 70 kg/ha according to the food

supply available (101, p. 41). Data pertinent to various ponds, res-

ervoirs and lakes were gathered in Table 43. Most of them deal with

juvenile steelhead trout and coho salmon reared in the Pacific North-

west. Yield greatly varied from one environment to the other. High

values exceeded 100 kg/ha/year while low values did not reach 30

kg/ha. The yield cropped from Whistler's Bend (33. 6 kg/ha/year)

has to be considered reLatively low. It constituted only 59. 4 percent

of the production, the complement having been removed by natural

causes of mortality and partly recycled within the pond community.

The yield, being constituted by the surviving part of the pro-

duction at the end of the rearing period, is greatly affected not only

by the factors of production (e.g. temperature and food supply) but

also by the causes of mortality. Only natural mortality will be con-

sidered in the following paragraphs. From the standpoint of yield,

its relative importance will be measured by the percentage survival

at the end of the rearing period.

Under natural rearing conditions, the average annual survival

of fingerling rainbow trout in Europe was 40 percent (101, p. 123).



Table 43. Survival and yield of juvenile salmonids in lentic environments.

Period Stocking Draining Survival Yield*
Place Fish species Year Length No. fish/ha Mean kg/ha/ Ref.

gin months (approxj_ year
Whistler's Bend

irdneri 1961-62 11 5,000 .19 Unfed fry 42.1 11.3 20.9 OSGC**
(Ore.

) 1962-63 10 8, 000 . 33 15-day fed 10, 0 38.4 33.6 p. 81
Medco Pond .S. gairdneri 1962-63 10 5, 800 .66 15-day fed 19. 2 79.2 103.5 OSGC

(Ore. 1963-64 10.5 60 .475aifeL, 20.4 66.0 100.0 OSGC
RingoldPond S. dneri 1962-63 10.5 10,000 .29 Unfedfry 37.7 34.0 143 (114)

Fern Lake S. dnei 1961-62 11 1,360 2,20 Unfed fry 25,6 36 (31)
(Wash.)

Salmon Creek o kisutch 1961 .62 11 26, 250 .35 Unfed fry 16.4 25,8 108
1131962-63 11 39,300 .42 Unfed fry 8.2 31.6 78

Towery Pond .Q. kisutch 1957-58 9 3,600 .37 Unfed fry 27.3 80,5 112 (99)

Wahkeena Pond 0. kisu 1961-62 8.5 12,500 1.00 2-month fed 10.2 39.5 72 (42)
jOre.)

Q. kisutch 1961-62 11 15,200 7 ? 11.9
Libby Pond Q kisutch 1962-63 12 15,000 ? ? ? 5.0 7 (97)

(Ore.) .Q. tshawytscha 1960-61 7 6, 250 7 ? 7.7
Happy Valley

Reservoir 0. tshawytscha 1961-62 12 10,200 .20 Unfed fry 63.2 11.6 100 (52)(Ore.) 1962 9 20, 250 .40 3-week fed 22.4 15.8
Laramie Pond S. fontinalis 1961-62 12 2,500 .40 Fed 38,1 26.0 22 (36)

(N.Y.) (wild)
Cultus Lake 0. nerka 1932-33 11.5 (56, 500) .15 Unfed fry 3.0 6.1 2.3 (96)

(B.C.) 8.5kg/ha

* Original data were transformed to estimate yield on a 12-month basis.
** Oregon State Game Commission, Research Division, Corvallis. Unpublished data.

I.
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In an English mooriand pond, the mean survival for all-age brown

trout was 39% (37). In Wisconsin and Michigan, survival of yearling

rainbow trout in dystrophic. lakes varied from 40 to 68 percent (57,

p. 117). In rearing areas in Washington, the average survival of

juvenile coho salmon was 23 percent. For chinook salmon it was

only 11 percent. These survivals were about doubled in myxohaline

environments (86, p. 141), In Washington, the survival of fingerling

winter steei.head reared with supplemental food generally fluctuated

between 20 and 55 percent. More survival, values were grouped in

Table 43, and again great fluctuations were observed from one envir-

onment to the other. The values recorded at Medco and Towery

Ponds were very high while those cited for Libby Pond and Happy

Valley Reservoir were quite low. In the uncontrolled environment

of Cultus Lake, still greater mortality occurred. In Whistlerts

Bend, during the year of the study, the survival may be considered

as within the range to be expected in average in this type of environ-

ment.

The major part of the natural mortality is caused by fish

predators of higher trophic levels. Many references may be found

in the literature concerning the relative importance of various

1From a personal communication by Mr. Cliff Millenbach,
Assistant Chief, Fishery Management Division, Department of Game,
Olympia, Washington. October 17, 1963.
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carnivorous organisms in juvenile salmonid predation in lentic en-

vironments. Residual fish were generally involved in low survival

percentages (42, p. 28; 52, p. 16-17; 96, p. 191; 97; 113, p. 11).

Needham stated that "the control of fish-eating birds at rearing ponds

is essential (80, p. 74). Mergansers and herons particularly showed

the greater predatory power (57, p. 117; 80, p. 74; 114). Of second-

ary importance were kingfishers, gulls, terns, and grebes. Other

types of predators such as bullfrog, aquatic snake, turtle, and otter

were less often reported (57, p. 117; 97; 113, p. 11).

In Whistlers Bend Impoundment, predation was mainly due to

birds and bullfrogs. No residual trout was left from the preceding

rearing period. Cannibalism was not significant as previously dis-

cussed, Mergansers and herons were the most important fish-eating

birds. The importance of adult bullfrogs as fish predators however

deserves some comment owing to their great seasonal abundance,

particularly in areas where the fish gather most of their food.

The food habits of the bullfrog were thoroughly investigated by

Korschgen and Moyle (59). From 455 stomach analyses made on

bullfrog captured in central Missouri farm ponds, they concluded

that the major sources of food were, in order of relative importance,

insect, crayfish, frog, tadpole and fish (59, p. 338-339). The last

category was found very infrequently and formed only 2. 8 percent,

by volume, of the bullfrog diet. The insect group was mainly



represented by Odonata nymphs in spring and grasshoppers in summer.

Tadpoles were mostly important in May (59, p. 336). The authors

summarized their observations by saying that bullfrogs "feed upon

animal foods most readily available to them" (59, p. 340).

Some of their findings were found to apply to Whistler 's Bend.

Insects (particularly Odonata nymphs) and tadpoles were present in

most of the stomachs. Small frogs, newts and a mouse were also re-

corded. The occurrence of fish in bullfrog stomachs however (Table

6) was far greater than the values reported in the literature where the

frequencies were fractions of a percent (59, p. 336).

I concluded that the availability of fish to bullfrogs was greater

in the case under study. Predation on trout by bullfrogs was favored

by the behavior of the fish themselves, the latter moving around the

pond mostly in shallow areas. The abundance of vegetation also may

have increased the predation. One important point which does not

seem to have been investigated is the feeding behavior of the bullfrog

which would help in explaining whether they feed on active fish or on

dead or doomed ones. In the last case, they should then be considered

as scavengers rather than predators.

The observed abundance of bullfrog in Whistler's Bend Pond

can only be explained by a constant immigration of frogs from adjacent

areas. Durham and Bennett observed a fairly rapid turnover of popu-

lation in a l7-acre artificial impoundment in east-central Illinois (33,
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p. 121). New frogs were continually appearing while others were

disappearing. Since tadpoles spend two winters before metamorphos-

ing, frogs would be uncommon in a pond drained every year. Conse-

quently, I think that the observed bullfrog population was constituted

mainly of immigrants. Every attempt to control the bullfrog popula-

tion and to reduce it to a low level must then be undertaken in a con-

tinuous fashion, from spring until fall. The control was particularly

effective during the 1962-1963 rearing period. Only 21 frogs were

captured at draining, compared to several hundreds the previous year.

Some causes other than predation were responsible in many

studies for either mortality or loss of fish. The most common other

causes of mortality were limnological and biological: lethal temper-

atures in summer especially, deoxygenation of the water mass, and

algal toxins were mentioned by Higley in an eutrophic reservoir (52,

p. 17-18). Loss of fish were reported through the outlet screens or,

after a flash flood, over the spiliway (52, p. 17; 113, p. 11; 114).

These secondary causes of mortality however did not happen in

Whistler's Bend Impoundment due to the close surveillance under

which the rearing took place.

Food Utilization

While the qualitative aspects of the feeding of the juvenile

steelhead population were discussed in detail in a previous section
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(growth), the quantitative aspects could not be as well dealt with on

the basis of the results obtained from analyses of stomach contents

alone. In the following pages, an attempt was made to obtain a more

accurate quantitative estimate of the utilization of the food supply.

First, the relation which existed between daily ration and stomach

contents will be considered. This relation will be useful when the

production of the littoral fauna is discussed in the next section.

Secondly, the total amount of food ingested and its partitioning be-

tween the maintenance and growth will be estimated and discussed.

Finally, the efficiencies with which the total food consumed was

utilized for purposes of growth and production will be assessed.

Relation Between Daily Ration and Stomach Contents

The daily ration for successive short periods was computed

from the relationship proposed by Allen (7; p. 184) which will be

discussed later on. The daily ration (D. R.) expressed in percent

body weight as a function of the instantaneous daily growth rate (k)

is:

D. R. = 0.0123 + 4. 205 k

In the present case, k was obtained by dividing the periodic instan-

taneous growth rate g (Table 11) by the number of days of each pen-

od. It was then introduced in the preceding equation to procure the

estimated daily ration for the period considered. Results are
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summarized in Table 44. The corresponding values for stomach

contents were estimated from the data presented in Table 36, as the

mean of the values pertinent to the same period. Ratios of daily

ration to stomach contents and average water-mass temperatures

(Figure 9) are also given.

Table 44. Relation between daily ration and stomach contents.
Est, daily Stomach Water-

Period ration contents Ratio mass
1962-63 (% body (% body (DRSC) temperature

_htL.y) weight)

28 May - 15 Jun 26.5 1.09 24.3 20
15 Jun - 25 Jun 15,5 .99 15.7 22
2SJun - iJul 15.5 .99 15.7 23
iJul - l5Jul 13,4 .70 19.1 23

15 Jul - 1 Aug 12. 1 . 75 16. 1 23.5
1 Aug- iS Aug 9.8 .86 11.4 23

15 Aug- 1 Sept 6.8 .97 7,0 23
1 Sept- 15 Sept 4,7 .90 5.2 21

15 Sept- 1 Oct 1.2 .70 1,7 20
1 Oct - 15 Oct 3,5 , 42 8, 3 16

15 Oct - 1 Nov 1, 2 26 4, 6 13

1 Nov - 15 Nov 2.8 , 85 3,3 12

15 Nov - 1 Dec 2.8 1.06 2.6 10

1 Dec - 15 Dec .3,6 . 70 5, 1 8

15 Dec - 1 Jan .3.6 .69 5.2 7
iJan- l5Jan 1.8 .75 2.4 5

lSJan- iFeb 1,2 .75 1.6 5

1 Feb - 15 Feb 3, 8 .49 7.8 7
15 Feb - 1 Mar 1,4 .41 3.4 8
lMar- l5Mar 2,9 (.50) 5.8 10

15 Mar - 25 Mar 2,3 (1,50) 1.5 12

The ratio of daily ration to stomach contents varied from 1. 5 to

24. 3. Allen found a range extending from 7. 1 to 15. 9 and demon-

strated a good correlation between the ratio and temperature (7, p.

194). Although digestion rate varies with temperature, it appeared

that in the present case the latter could not be considered as the only



factor involved. The composition of the food also had to be taken into

account to explain the observed fluctuations. The high ratios observed

from June through July more probably are partly related to the great

importance of soft-bodied organisms in the diet of young trout. This

was particularly marked during the first period when chironomid

larvae were the basic food. Cornelius, cited by Schaeperclaus (101,

p. 148), observed the same phenomenon in rainbow trout studied un-

der laboratory conditions. Their daily ration at similar temperature

(9. 2°C) was 3.7 and 7.4 percent of the body weight when fed Gammar-

us and Chironomus respectively. In the impoundment, as soon as

Libellulidae nymphs were added to the diet (early August), the ratio

dropped although the temperature remained the same. The sudden

high value of 8. 3 in the first part of October also seems related to the

particular abundance at that time of Callibaetis and Chironomidae in

the fish diet. During the rest of the month, on the contrary, libellulid

nymphs were dominant. The minimum value observed in later March

occurred for the same reason. The relatively high values recorded

in December and after January on the contrary were thought to be

better related to water temperature. As discussed previously, the

best food assimilation was found to occur in rainbow trout at about

9°C.



Utilization of the Food Ingested

Only a few basic studies of the food requirements of salmonids

have been made. Surber (107) made some limited observations at

constant temperature (12. 2°C), measuring the consumption of

Gammarus fasciatus by juvenile rainbow trout and brook trout for

five months. For rainbow trout, he calculated the crude efficiency

of food conversion into growth to be 6. 63 (107, p. 301). Pentelow

(88) designed a long series of experiments to study the consumption

of Gammaruspulex by brown trout under natural temperature condi-

tions. He was able to estimate separately the maintenance and growth

requirements. The former were found to vary with the size of the

fish and the season, while the latter were mainly dependent on the

water temperature. Optimum efficiency of food conversion into

growth occurred at temperatures lower than 10°C, the efficiency

decreasing with increased temperature (88, p. 469). Brown (19)

fed meat to two..year old brown trout kept at different constant tem-

peratures and measured their food intake as assimilated food rather

than ingested food. She showed that maintenance requirements

greatly increased between 9 and 11°C, staying constant on either

sides of this range. The efficiency of food utilization was optimum

at 8° C and averaged 6. 3 (19, p. 151), Postulating a differential

effect of temperature on the amount of food eaten and the activity of
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the fish, she was able to explain the existence of two temperatures of

optimum growth, 8 and 18°C respectively (19, p. 153).

Allen, after review of the relative value of each of the preced-

ing studies from the standpoint of applicability of their results to a

natural environment, adopted Pentelow1s data. On their bases and

disregarding fish size and water temperature, he calculated the

linear relationship which appeared to exist between daily ration and

growth rate. He fully discussed and evaluated the errors attached

to estimates reached by such a method (7, p. 185). Recently, Gerking

critically reviewed AllenTs results (40, p. 70-71). The main sources

of errors attached to the latter by Gerking were:

a. Range of fish sizes extended from less than 1 g to nearly 600 g.

Since the maintenance requirements proportionately decrease

with increased size of fish, the use of a constant value (1.23 per-

cent) will tend to overestimate them.

b. Pentelow's results were derived for fish ranging from 2 to 84 g.

(88, p. 457). Since efficiency of food conversion into growth de-

creases with increased size of fish the use of a constant value

(23. 8 percent) will lead to underestimate efficiencies especially

when applied to a multi-aged population where most of the total

production was contributed by fish of small size.

c. Temperature effect, by being disregarded, leads to an under-

estimated efficiency of food conversion.
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For the present study, I conclude that the errors arising from

the application of Allen's method were minimized by the following

facts:

a. In a lentic environment maintenance requirements should be

closer to those observed under experimental conditions.

b. The fish used were of small size ranging only from less than 1 g

to less than 15 g. Most of Pentelow's results were obtained for

fish of this size.

c. The fish grew at what was considered an average rate.

d. The population was constituted of fish of the same age thriving

on a food supply grazed at random, the fish constantly moving

through the environment.

As to the applicability of results derived from brown trout to

rainbow trout, it was discussed previously that the latter species

was more adaptable than the former. This greater adaptability will

tendto reduce any hypothetical differencewhich might existbetweenthe

two species.

I realize the dangers inherent in using Allen's approach but I

feel that the estimates so obtained are useful for further discussion.

Applying data from laboratory studies to field problems always must

be regarded with suspicion and used with great caution.

The method proposed by Allen (7, p. 184-187) being adopted,

the maintenance ration of the trout population was taken as 1. 23
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percent per day of the average biomass and the food used for growth

was estimated at 4. 205 times the net production. These calculated

values were summed to provide an estimate of the total food ingested.

Calculations were performed for each period separately and then

combined to give monthly consumptions. Results are summarized

in Table 45 and shown in Figure 29.

Table 45. Estimated amount of food ingested and used for maintenance, growth and all purposes
by juvenile trout in each month.

Month Food for maintenance Food for growth Total Avg..
water-

1962-63 food mass
tempera-

ture
kg % total food kg % total food kg

June 32 6,2 479 93.8 510 21

July 69 9.8 638 90.2 707 23

Aug 117 15,3 649 84.7 766 23

Sept 138 43.4 180 56.6 317 21

Oct 134 53.8 115 46.2 249 15

Nov 125 44,6 156 55,4 281 11

Dec 136 34.2 262 65,8 399 8

Jan 136 83,3 27 16.7 164 5

Feb 122 47.8 133 52.2 255 8

Mar 111 46.8 126 53.2 237 11

Year 1120 29.0 2765 71.0 3885

The total food ingested was estimated at 3885 kg for the rearing

period or about 13 kg per day. Maintenance required in average 29

percent of this amount, 71 percent being used for growth. These

percentages varied however, most of the food being used for growth

at first. As the trout increased in size, the proportion
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for maintenance also increased owing to the increase of the biomass

and decrease of the growth rate. Maintenance requirements were

relatively high in October probably owing, as discussed before, to

the increased difficulty encountered in finding food. In January, the

proportion of food used for growth was minimum and most of the con-

sumed energy went into maintenance. About 60 percent of the annual

total consumption took place during the four first months of the rear-

ing period

Utilization Efficiencies of the Ingested Food

The efficiencies with which matter was being transferred within

the limited part of the food chain studied can now be examined briefly

and compared to similar results obtained by Allen (7). As already

stressed, for all practical purposes, the total amount of food ingested

by juvenile trout in the impoundment may be considered as derived

from the littoral fauna.

Following its ingestion by the fish, food will become divided

into three unequal portions: unassimilated, maintenance and growth

(transformation losses included). Each of these portions is charac-

terized by an efficiency of utilization. The assimilation efficiency is

generally considered as rather high although very few studies have

been made. For most food animals, it reaches 80 to 90 percent (72,

p. 85; 93, p. 380). The efficiency of conversion of the food used for
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growth was considered as 23. 8 percent from Pentelow's studies.

The ecological growth efficiency, defined on a matter basis as

the ratio of net production to total food intake, was 16. 6 percent

Allen estimated the amount of trout produced by the end of the life

of a generation to vary from 15 to 16 percent (7, p. 202). Results

pertinent to the lowest zone (Zone I) and the first age class (1940)

only were computed from Allen's data (7, p. 186). They are sum

marized in Table 46. Hayne and Ball, studying three species of

sunfish in one-acre ponds, southern Michigan, found an average value

of 20 percent (49, p. 173). Gerking, for a bluegill (Lepomis macro-

chirus Raf.) population in Wyland Lake, Indiana, estimated a value

of 9 percent for a growing period of only 150 days (40, p. 74).

The percentage of the estimated total amount of ingested food

which reached successive stages in the process of its utilization by

fingerling trout is summarized in Table 46 and in Figure 29.

Table 46. Percentage of the estimated total food intake utilized at
successive steps by fingerling trout.

Step Whistler's Bend Horokiwi Stream
Impoundment

S. gairdneri S. trutta

Food intake 100 100

Growth 71.0 85.5

Trout material 16. 6 20. 5

Troutstock 9.9 6.0
(end of first year)
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crop for the trout population.
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The biomass removed from the pond at the end of the rearing period

represented only about 10 percent of the total food ingested. Although

the ecological growth efficiency was greater in the Horokiwi stream

for brown trout, the fish biomass surviving at the end of the first

year of life constituted only six percent of the total food intake. The

difference of efficiency for this latter step can be explained by the

better survival obtained in the impoundment.

The percentage of the total food used for growth as estimated

in the impoundment for fingerling steelhead trout (71 percent) lies very

close to the range stated by Schaeperclaus for rainbow trout. Ac cord-

ing to his studies, the percentage of the total food eaten which was

used for growth varied between 31 and 67 percent (101, p. 3).

Biomass and Production of Littoral Fauna

By juxtaposing growth of fish and the estimated total metabolic

requirements of the same fish, Allen (7, p. 185-201) and Gerking

(40, p. 6 1-67) calculated the amount of food ingested to satisfy these

requirements. This amount of prey could be considered as the mini-

mum littoral fauna production, including only the portion consumed

by the fish population. The same approach was taken in the present

study. Moreover, the pressure imposed by the fish population on the

fauna was investigated.

A first point of interest was to compare the amount of food



197

consumed by the fish to the standing crop of the littoral fauna. Re-

suits are summarized in Table 47 which also includes some of Allen's

results for comparative purposes (7, p. 188. Table 66).

Table 47. Comparison between food consumed by the fish and biomass
of the littoral fauna (densities expressed in gIm2).

Whistler's Horokiwi
Bend Stream

Mean biomass of trout 2. 5 1. 14 to 3. 32
Mean production of trout 4.76 2. 57 to 7. 81
Mean instantaneous daily

growth rate (x104) 11.9 110 to 114

Density of total food consumed 28. 6 15.7 to 47. 6
Density of maintenance food consumed 8. 6

Mean density of total littoral fauna* 2. 8 . 236 to . 647
Mean density of available littoral fauna* 2. 1 - - -

Total food consumed/available fauna 13. 6 --
Total food consumed/total fauna 10. 2 40 to 150

Maintenance food/available fauna 4, 1 --
Maintenance food/total fauna 3. 1 11. 8 to 63.8

* From Table 48. Avg. area underwater was considered 13 ha.

It may be concluded that the average annual biomass of the littoral

fauna was rather low when compared to the amount eaten by the trout

population. On a weight basis the ratio was at least 10.

The preceding general conclusion which applied for the rearing

period as a whole is better understood when the biomass of trout



and littoral fauna are compared for each month, as in Table 48. The

monthly ratios of biomass varied from . 9 to 17. 1, the yearly average

being 2. 1. Allen cited values from 2.7 to 14.1 (7, p. 189). Ball

found ratios from . 97 to 5. 1 in ponds and small lakes (cited in Allen,

7, p. 189). In the present impoundment, abnormally high ratios were

observed in late July and in mid-November. In both cases, the bio-

mass of the littoral fauna was mainly responsible for the rise of the

ratio.

The normal cycle of abundance of the littoral fauna in aquatic

communities is characterized by a rapid increase from a mid-sum-

mer low to a mid-winter high (67; 12, p. 42). This type of cycle was

not observed in the impoundment the main difference residing in the

decrease of the fauna biomass recorded in fall (Figure 26). This ab-

normality deserves some comments while the normal low level ob-

served in mid-summer can be easily justified by maximum rate of

emergence (Figure 23) and severe fish predation (Table 45) during

the latter season. To explain the second low level attained by the

impoundmentts littoral fauna in mid-November however, it is necess-

ary to consider another source of loss. Emergence rate was very

low and although fish predation was still relatively high it alone was

not capable of such a depletion in abundance and biomass of the lit-

toral fauna and particularly of the chironomids (Tables 16 and 17).

I conclude that the cause must be sought in the very active predation



Table 48, Comparison between bioxnasses of trout and littoral fauna.
Biomass, dry weight in kg Ratios

Trout population* Fish-food organisms Biomass trout: biomass food
Main

Date Live weight o, Dry Dry groups
1962-63 matter weight Total** available*** Total food Main food

29 May 27.8 18. 5 5. 1 25,7 3. 1 . 2 1.6

27 June 105, 2 21. 1 22. 2 68, 7 24. 8 . 3 , 9

30 July 246,9 25.0 61.7 4. 3 3.6 14. 3 17. 1

9 Sept 371.5 (22.0) 81.7 54.1 52.8 1.5 1.5

l4Oct 351.1 (22.0) 77.2 45.4 44.0 1.7 1.8

18 Nov 339.0 (22.0) 74.6 18.9 10.2 3.9 7.3

18 Dec 3S8. 0 (22.0) 78.8 25.4 22.4 3. 1 3. 5

18 Jan 355.0 (22.0) 78. 1 51.8 42.9 1.5 1.8

16 Feb 354. 0 21.7 76 8 69. 1 66.9 1. 1 1, 1

* Dry weight based on results shown in Figure 13 - Biomass obtained from Table 11.
** From Appendix 20.

*** From Appendix 20: Anisoptera and Coenagrionidae (exc. first three dates), Callibaetis and Chironomidae,

'0



of several species of insectivorous ducks which used the pond very

intensively as feeding grounds during their migration through the

tJmpqua valley. In October, ruddy ducks were observed with stom-

achs full of blood worms (Chironomus gr. thummi). Competition

between aquatic birds and trout may have occurred as partially mdi-

cated by a decrease in the instantaneous growth rate in November

compared to the following month (Table 11).

As stressed by several authors, the standing crop of the fauna

does not reflect necessarily the production potential of this fauna (e.g.

49, p. 17Z; 93, p. 375). It was previously shown that the estimated

weight of food consumed by fish alone could be more than 10 times the

standing crop (Table 47). The total number of food organisms eaten

by the trout population was estimated in an attempt to relate the mini-

mum monthly production of littoral fauna to the measured standing

crop. The monthly consumptions of food in weight were already pre-

sented in Table 45.

The method proposed by Allen (7, p. 193-198) was adopted.

It is based on the estimated food Tturnovers" presented in Table 44.

The average number of organisms found in the stomach (Table 37)

was multiplied by the corresponding 'turnover" to give the estimated

number of organisms eaten per day per fish (Table 49). This latter

'As many as about 40 ruddy ducks were observed on the pond at
one time.
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value was then successively multiplied by the number of days in the

period and the average number of fish present during this period.

The estimated total numbers of organisms eaten each month by the

fish population are shown in Table 49.

Table 49. Estimated number of food organisms eaten by juvenile trout.
Avg. Avg. Number of organisms

Month ingested- fish Total
1962-63 food No. population In fish Eaten! eaten

turnover days stomach !day!fish (millions)

June 20.0 35 85,000 29.8 596 1773

July 17.6 31 77,800 29.8 525 1266

August 9.2 31 67,200 7.8 72 150

September 3,5 30 59,600 14.4 50 89

October 5,1 31 53,200 7.3 37 61

November 3,0 30 48,000 9.5 29 42

December 5.1 31 44,300 15.3 78 107

January 1,2 31 41,600 15.9 19 25

February 5.6 28 40, 000 14.4 81 91

March 3. 7 24 39, 200 20.5 76 72

It may be observed how the number of organisms eaten during the two

first months (3039 millions) constituted 82. 5 percent of the total num-

ber ingested during the rearing period. This is due to the great con-

sumption of chironomids which took place during this period as pre-

viously shown. The total consumption amounted to 3676 millions. I

conclude that, on a numerical basis, the minimum production of the

littoral fauna was at least 11 times its standing crop (Table 50).

Monthly ratios of consumption to standing crop were calculated

in Table 50. The standing crop considered was the total one. It

would procure the most conservative estimate, the relative availa-

bility of each form being not taken into account. The abundance was



Table 50. Relation between consumption by fish and standing crop of littoral fauna.
Number of organisms, millions Dry weight of organisms, kg

Month Total eaten Total Total eaten Total
1962-63 by fish present by fish present

population in pond Ratio population* in pond Ratio

June 1773 30 59,1 510 54 9.4
July 1266 24 52.8 707 35 20.2
August 150 17 8. 8 766 20 38. 3
September 89 21 4. 2 317 53 6. 0
October 61 22 2. 8 249 45 5. 5
November 42 8 5.3 281 25 11.2
December 107 13 8. 2 399 24 16. 6
January 25 60 .4 164 50 32.8
February 91 70 1.3 255 69 3.7
March 72 70 1.0 237 77 3. 1

Year 3676 335 11.0 3885 452 8. 6**

* Fiom Table 45.
** Value slightly different from the corresponding value calculated in Table 47. In the present case,

the estimated biomass of the organisms present in the pond was calculated for the 15th of each
month instead of the date of sampling as in Table 47.

N.)0
N.)
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estimated by interpolation from Appendix 19. The biomass was ob-

tamed as the total dry weight of organisms present on the 15th of each

month (Figure 26). From the abundance standpoint, excessive ratios,

higher than 50, were observed in June and July. This might be due

to the underestimation of the chironomid population present at that

time. In January, the food supply was only partially utilized owing

to the average low water temperature. Fom the biomass standpoint,

the ratio values were on the contrary lower in periods of consumption

of small organisms. The high value observed for January was caused

by the great decline of the amount of food consumed, while in August

a similar ratio was due to a low food biomass. The preceding ratios

were calculated for the littoral fauna considered as a whole. But as

previously discussed, the diet of juvenile trout varied greatly in its

composition not only from month to month (Figure 24) but also from

fish to fish (Table 38). Consequently, each organism had a particular

ratio which also might be greatly different from one another.

If minimal total production of the littoral fauna is to be esti-

mated, at least the following values have to be considered and

summed: fish consumption, emergences and difference in biomass.

This was attempted on a dry weight basis. The estimated biomasses

emerging daily for each month (Appendix 23) were each multiplied by

30 and summed up to give the total biomass which emerged during
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the year. The conservative estimate was taken as 1033 kg. 1
The

difference between starting and ending biomass of littoral fauna was

estimated from Figure 26 as (80 - 25) = 55 kg. Results are summar-

ized in Table 51 and compared with Borutzki estimates (17, p. 23).

Table 51. Estimated production of littoral fauna during the rearing
period.

Insect fauna Percent
kg, dry Whistler's Lake Beloie*

Bend

Fish predation 3885 78 14
Emerging fauna 1033 21 More than 6
Difference in biomass 55 1 Less than 25
Other losses Less than 55

Minimal production 4973 100. 0 100

*Profundal fauna only

In the impoundment, the production of the littoral fauna probably ex-

ceeded five metric tons or 385 kg/ha (dry weight). Of this total pro-

duction 78 percent were estimated used by the fish population, about

21 percent left the pond being either lost for the pond community

(terrestrial predation) or returned to it (aquatic predation, eggs).

The differences observed between our data and Borutzki's arise from

the fact that he was able to estimate the losses due to other causes

(natural death and predation due to other organisms than fish).

1Anisoptera not included. Low estimate for Zygoptera.
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Moreover, he studied the dynamics of the profundal fauna only (Ch.

plumosus, Chaoborus, Tanypus and Oligochaeta) which could explain

the greater use of the fauna by fish in the impoundment.

From a dry matter standpoint and on the basis of the preceding

data, two efficiencies were estimated.

The ecotrophic coefficient or utilization efficiency defined as

the ratio of the food intake at one trophic level to the food production

at the lower level was obtained as 3885 4973 or 78 percent. This

value is somewhat higher than a comparable estimate (live weight

basis) calculated by Gerking for a bluegill population feeding mainly

on small-sized food particles (47 percent. 40, p. 74).

The trophic level production efficiency, or the proportion of

the production transferred from one level to the next one, was esti-

mated as 136 4973 or 2. 7 percent. This is quite less than the

value found by Gerking (40, p. 74) who, however, considered only

the growing season (150 summer days). The same point of view

would increase considerably the figure estimated for the trout popu-

lation studied here.

It is also of interest to point out the ratio which existed during

the rearing year between average biomass and average production of

the littoral fauna. The former having been estimated 28 kg/ha (Table

1Average dry matter in fish was considered as 22 percent of the
wet weight.
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47) and the latter 385 kg/ha, the ratio indicated that production was

about 14 times the standing crop. It was previously shown that when

considering fish predation alone, this ratio was higher than 10.

As pointed out by Gerking, production of the littoral fauna

Itcomputed from predation measurements tends to be greater than

that computed by the direct methodu (40, p. 69). This is evidenced

in Table 52 which summarizes data found in the literature concerning

the ratio of fauna production to fauna biomass. The excessively high

value estimated by Allen probably was caused by the errors involved

in its total food consumption estimates (40, p 171). In general, the

ratio varied between 1.7 (Lake Beloie) and 27 (One-acre pond). Most

of them are in reasonable accord with the values calculated for the

studied impoundment, particularly if the season for which the values

were estimated is taken into consideration. The regional climate

probably also had an effect. It may also be observed from the values

cited in Table 52 that higher ratios were estimated in environments

where a greater predation pressure on the littoral fauna most prob-

ably existed. This was certainly the case in the small and shallow

ponds studied by Hayne and Ball (49). During the same study, these

authors learned that, in absence of fish as predators, the littoral

fauna became self-limiting as to biomass, its production rate de-

creasing gradually. The hypothesis may then be advanced that the

differences existing between the values of Table 52 possibly reflect

the relative pressure to which the fauna was subjected in the various

environments.



Table 52. Comparison between littoral fauna production and biomass estimates.
Environment Estimates involved Ratio

(P = production; B biomass) P:B Reference

Whistler's Bend, Ore. Fish predation and avg. B - Rearing year, 302 days 10
Total P and avg. B - Rearing year - 302 days 14

One-acre ponds, Mich. Fish predation and avg. B - 135 days, summer 8 to 27 49, p. 172

Wyland Lake, md. All fish species predation and July B - 150 days, summer 6 40, p. 69

Costello Lake, Ont. Littoral chironomid P and avg. B - 135 days, summer 8 to 9 75, p. 57

Profundal chironomid P and avg. B - 135 days, summer 2 to 3 75, p. 57

Sugarloaf Lake, Mich. Littoral chironomid P and B at emergence - Year 4 9, p. 268

Idem, reviewed 5. 6 81, p. 428

Grosser Pldner See, Annual P and avg. summer B - Year 3 to 4 67Germ any

Lake Beloic Profundal benthic fauna and avg. B - Year 1. 7 17, p. 23

Horokiwi Stream
Fish predation and avg. B -Year 100 7, p. 199

New Zealand



SUMMARY

1. The dynamics of survival, growth and production of a juven-

ide steelhead (S. grdneri) population was investigated between June

1962 and March 1963.

2. The study was conducted in WhistlerTs Bend Impoundment

located in the North Umpqua Valley near Roseburg, Douglas County,

Oregon. The size of the pond was 13. 3 ha (32. 9 acres), the mean

depth being 2. 45 m. The bottom sediments were in general fine tex-

tured clay but varied according to the degree of disturbance which

originated them during the partial digging of the pond. The submerged

vegetation was relatively abundant and dominated by Chara fragilis

and Potamogeton foliosus.

3. The absolute maximum water temperature reached 26°C in

late July but never extended deeper than about 1 m depth. In summer,

the temperature of the water mass varied between 2O and 240 C. In

winter, a 4°C minimum temperature was observed for a short period

in January. The filling of the pond with cool river water, artificial

mixing by an air lift and October rainfall easily helped to keep the

water mass sufficiently mixed during the critical periods. The same

factors contributed to the oxygenation of the pond. Dissolved oxygen

contents less than 5 mg/i occurred only in mid-summer, at depths

greater than 3. 5 m.
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4. Surface pH of the water was alkaline but showed great van-

ations from month to month. Total alkalinity generally varied from

40 to 46 mg/l CaCo3. Content of total dissolved solid averaged 70

mg/i, peak values being recorded in early August and November.

Phosphates and nitrates rarely showed values higher than 0. 1 mg/i.

Dry total plankton generally varied between 150 and 300 mg/rn3

5. The net stocking of the pond was realized with 15-day fed

fry at the average rate of 8, 000 fish per ha. At the end of 302 days

of rearing, 39, 000 sub-smolts averaging 10 cm in length were han-

vested and released in the North tJmpqua River. The total survival

was 38. 4 percent.

6. Cannibalism being practically nonexistent, the main cause

of fish losses was predation. Mergansers, herons, kingfishers and

possibly adult bullfrogs were the most active fish predators.

7. The general relationship between fork length (Li, cm) live

weight (W, grams) for the juvenile trout was calculated as W 0.00245

Li
3. 06

Allometnic growth was found to have occurred mostly from

November until mid-January.

8. The average condition factor ranged from . 89 ji . 013 to

1. 14 ± . 033. It varied seasonally, a peak value being reached in

August. The fat content of the fish showed the same type of varia-

bility.

9. Instantaneous growth rate in weight, calculated for 15-day
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periods, decreased from the start of the rearing year (g = 1. 1) until

late September (g 0). Afterwards it varied, remaining always lower

than 0. 1. About 88 percent of the total growth in weight occurred dur-

ing the summer. For the whole rearing period g 3. 593.

10. Fish population size was estimated by the Petersen method,

the fish being captured by trap-net and fin clipped. From the esti-

mated population curve and growth curve (weight), the average bio-

mass was calculated at semimonthly intervals. It varied between 5. 9

and 31. 6 kg/ha, this last maximum being reached in late September.

The average standing crop for the year was 25 kg/ha.

11. Instantaneous mortality rates for semimonthly periods were

relatively high during the first month (12 to 10 percent). They slowly

decreased thereafter. For the rearing period, i = 0. 96, correspond-

ing to an actual total mortality rate of 61. 6 percent.

12. Net production, computed for l5day intervals, reached its

maximum value in late July (7.4 kg/ha). It fluctuated greatly in fall

and winter, never reaching values greater than 3 kg/ha again. Nega-

tive production was observed in late October and January. The total

production amounted to 619 kg (53 kg/ha) of which 75 percent was

elaborated in summer.

13. Mortality was maximal in September when it reached more

than 1. 8 kg/ha per 15-day period. It decreased at a rather constant

rate later on. Total mortality amounted to 251 kg (21 kg/ha).



211

14. At the end of the rearing period, the pond yielded 367 kg

(32 kg/ha) juvenile trout. This corresponded to 59. 4 percent of the

total net production.

15. The insect component of the pond community was divided

into "littoral faunaH (endogenous forms) and 'emerging fauna" which

were studied separately by different methods.

16. Both abundance and dry biomass of the littoral fauna were

at minimal values in mid-summer and in late November. Peak values

were attained in late June, early September and late winter. Chiro-

nomidae were the most abundant in all seasons, Libellulidae however

were the most important, in general, from the biomass standpoint.

Total biomass of aquatic insects varied between 0. 4 kg/ha (late July)

and 5. 8 kg/ha (late June).

17. Emerging fauna (mostly chironomids) reached maximum

abundance in mid-summer then rapidly declined until October when

practically nil. The diel rhythm of emergence was quite specific.

Most of the forms rose to the water surface at sunset and at sunrise.

18. A study of the effect of draining on the insect fauna revealed

that only the Anisoptera nymphs showed a tendency to follow the move-

ment of the water and consequently to be drained from the pond. Most

of the other organisms did not migrate so actively. Some managed

to stay alive until the water level reached them again during refilling.

Callibaetis nymphs were the most susceptible to draining. Drift of
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the organisms which took refuge in the channels was observed to be

greatly intensified during chemical tr eatment.

19. A study of the stomach contents of juvenile trout revealed

that they relied mainly on endogenous insects. Crustacean zooplank-

ters were only sporadically important in the diet of trout. The com-

position of the diet varied according to the Tavailability" of the organ-

isms present. Chironomidae, Callibaetis and Libellula constituted

the basic food. The dry amount of food found in the stomachs varied

from a low 18 ppJ04 (October) to a high 136 p.p. (November).

20. A quantitative estimate of the utilization of the food ingested

indicated that a little more than two-thirds of the food eaten was used

for growth. The conversion efficiency of this latter quantity being

considered as about 24 percent, 16. 6 percent of the total ingested

food was estimated to be transformed into trout material. The yield

efficiency was 10 percent only.

21. The ratio of the estimated daily ration to the stomach con-

tents varied from 1. 5 to 24. 3 according to the diet composition and

the water temperature.

22. The average annual biomass of the littoral fauna was rather

low when compared to the amount eaten by the trout population. On a

numerical basis, the ratio was at least 11. On a dry weight basis,

it was greater than 10.

23. The annual total production of the littoral fauna was
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estimated to be at least 4973 kg (dry weight) of which 78 percent was

consumed by fish and 21 percent emerged as adults. From a dry

matter standpoint, the ecotrophic coefficient was estimated to be 78

percent and the trophic level production efficiency was 2.7 percent.

Average total production of the littoral fauna was about 14 times the

average standing crop.

24. Management practices leading to an optimum yield of smolt

steelhead trout from the impoundment will consist mainly in rapid

refilling in spring, artificial mixing in summer, protection of the

surviving littoral, fauna during the chemical treatment of the channels

after draining and predator control. The initial trout stocking rate

will be determined by the degree to which these practices will be

fulfilled.
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Month

April
May

June

July

Aug.

Sept.

Oct.
Nov.
Dec.

Period

311

4/
511

6

7

8

9
10

11

13-14
15-16

APPENDIX 1
LOCAL CLIMATE: AIR TEMPERATURE, RAINFALL AND WIND

Air temperature, 0C Rainfall. mm Wind characteristics-Glide Station
Absolute Average Glide.11 Whistler's Bend Frequency of origin General

Max Mm Max Mm Period Avg.1947-63 1962-63 1962-63 in percent maximum
NtoW EtoS speedin

80,0 70.9, (70.9)!!
78.1 55.6 (55.6).11

(3, 50.6 13.7 (13.7)1/ 100 100 23
t60.U) (23.b)-'

(33.3) (6.1) (32.2) (10.8) (21.5)
38.9 11.1 33.9 13.5 23.7
36. 7 10. 0 27. 5 13.2 20.4
36.1 7.2 30.2 11.7 21,0
35.6 6. 7 30.4 10. 7 20.6
37.8 7.8 25.9 12.8 19.4
31.7 3.9 20.4 9.1 14.8

100 100 16

8.8 0.0 0.0 87 100 13 13

88 69 12 31 11

13.4 33.3 (333)1 87 100 13 9.5
56 88 44 12 13

29.0 9.7 10.5 73 80 27 20 9.5
73 64 27 36 6.5

124.9 169.9 127.3
147.5 157.2 130.2
169.4 91.4 87.7

Jan. 17 15.6 -13.3/ 7.9 -3.5 2.2 146.9 47.0 40.5
18 15.6 -8.9./ 7.9 -3.4 2.3
19Feb. 22.2 0,6 16.2 4.8 10.5 137.2 123.4 112.2
20 16.7 1.7 14.3 5.7 10.0
21 18.9 -3.3 13.6 1.6 7.6

Mar. 119.1 80.5 83022k' 20.0 1. 1 14. 7 4.6
1101.5 950.6 764.9 YEAR

1'Froni data collected at Glide Ranger Station.

1Based on readings made at 8:00 a. m., noon and 4:30 p. m.

.1Absolute minimum temperature lower than -6. 5°C from Jan. 10 until Jan. 14.

./Abso1ute minimum temperature about -6. 7°C from Jan. 18 until Jan. 27.

./Until March 25 included.



APPENDIX 2

WATER AREA AND IMPOUNDMENT CAPACITY IN FUNCTION OF WATER LEVELS

later iT Area underwater Depth zone areaL' Capacity, m3
at the valve!'

m m2 % total area % total area m2 Partial Cumulative
lOver fence 12, 733 9. 57

j Fence-midline 49, 134 36.92
01 Midline-dam 71, 223 53.51

LTotal 133, 091 100 0 326, 804
ZOO : 10,9 14,570 41,515.980

Over fence 7,223 5.43
Fence-midline 45, 350 34. 07

-. 33 Midline-dam 65, 948 49.55
Total 118, 521 89. 1 285, 288

ZO 29.1 38,669 71,335.905
Over fence 1, 935 1. 45

J
Fence-midline 35, 550 26,71

_1.00]Midline-dam 56,937 42.78
LTotal 94, 422 70.9 213, 952

ZI 16.4 21,941 83,451.500
-2.00 72,481 54,5 130,501

ZIl 13.6 18,059 63, 451.500
-3.00 54,422 40.9 67,049

ZIlI: 20.5 27,217 40,813.500
-4. 00 27, 205 20. 4 26, 236

ZIV: 12.2 16,358 19, 026.000
-5.00 10,847 8.2 7,210

ZV 6.5 8, 542 6, 576. 000
-6.00 2,305 1.7 634

ZVI : 1.7 2,305 633k 875
Dam 4,536 3.4

(Gravel road 3,895 2.9

!ISpillway cement considered as reference level (Level 0).
.Jz depth zone.



APPENDIX 3
PHYSICAL AND CHEMICAL CHARACTERISTICS OF THE BOTTOM SEDIMENTS

Type Color Texture Structure Consistency pH Remarks Samples
no. (moist) dry moist wet (18°C) No.

Black Silty clay- Medium to strong, Hard Firm Sticky 6. 16 Abundant yellowish red mottles 14, 15
1 (10 YR 2/1) loam subangular blocky and 6.32

plastic
Black Silty clay- Weak to medium, Hard Firm Sticky 6. 00 Abundant strong brown mottles 4, 9, 17

2 (10 YR 2/1) loam to silty fine, subangular and 6.02
clay blocky plastic 6. 20

Black Clay to silty Weak, coarse, Hard Firm Sticky from Some gravels and mottles 5, 7, 10,

3 (N2/0) clay sub angular blocky- and 5. 15 to present superficially 11, 19, 21,
massive plastic 6. 50 compacted 22, 26

Very dark gray Silty clay- Weak to medium, Hard Firm Sticky 5. 75 Superficially compacted 16, 18
4 (5 YR 3/1) loam fine, subangular and 6. 16

blocky plastic
Black Clay to silty Weak, medium, Hard Firm Sticky 5.77 Mottles present 8, 27

5 (10 YR 2/1) clay subangular blocky axid 6.90
plastic

Very dark gray Clay to silty Weak, medium, Hard Firm Sticky 5. 65 Gravels present 1, 2, 6, 13

6 (5 YR 3/1) clay subangular blocky and 5.80 A few mottles (5 YR 4/6)
to black to massive plastic 6. 00
(1OYR2/1) 6.82
Olive brown Silty clay- Massive Hard Slightly Sticky 7. 05 Very smooth consistency, 12

7 (2.5 Y 4/4) loam firm and no grit
plastic

Very dark Gravely Weak, medium, Hard Slightly Sticky 7.05 Abundant pebbles up to 3, 20, 23
grayish brown clay-loam subangular blocky firm and 7.20 several inches in diameter (24, 25)

8 (2.5 Y 3/2) to to loam to massive to plastic to 7.45 Some mottles
yellowish brown friable slightly 7. 85
(1OYRS/4) St. andpl.



APPENDIX 3 (Continued)

PHYSICAL AND CHEMICAL CHARACTERISTICS OF THE BOTTOM SEDIMENTS

Type Color Texture Structure Consistency pH Remarks Samples
no. (moist) dry moist wet (18°C) No.

Various Various Various Various Various Various Various Abundant gravels and pebbles
9 covering various sediments

-Sulfuric acid test negative
Very dark gray Silty clay- Massive Very Firm Sticky 6. 17 Abundant yellowish mottles 28, 29

10 (5 Y 3/1) loam to hard and 6.95 along the root channels
silty clay plastic

N)
N)
'0
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APPENDIX 4
AVERAGE SURFACE AND SUBSURFACE WATER TEMPERATURES IN DEGREE CENTIGRADE

Abs. max. temperature Avg. temperature for the period1' Avg. temperature
Month Period at depth 10 cm depth 300 cm depth at deptha/

1962-63 No. 10 cm 300 cm Max Mm Max Mm IOcm 300cm

3 21.7* 20.0* 21.1* 18.9*June
4 24.4* 22.2* 23.4* 21.1*
5 24.4* 22.8* 23.3* 21.1*

July
6 26.1 22.8 25.4 23.9 22.1 21.5 24.7 21.8

25.0* 22.2* 24.4* 22.0*
A ug.

8 24.4 23.9 23.6 22.6 22.1 21.5 23.1 21.8

Se tP. 22.8 21.7 22.1 21.4 21.7 20.2 21.8 20.4
10 23.3 20.0 21.9 19.6 19.2 18.9 20.3 19.0
11 21.1 18.3 17.1 16.4 16.5 16.1 16.8 16.4Oct
12 18.3* 14.4* 14.7* 13.2*

Nov 13 13.9 13.3 12.5 12.2 12.2 12.1 12.4 12.1
14 10.7 10.7 9.7 9.7 9.7 9.7 9.7 9.7
15 10.0 8.0 8.3 7.8 7.4 7.4 8.0 7.4

D ec.
16 9,7 8.6 7.4 7.1 6.9 6.9 7.2 6.9
17 6.1 5.2 4.7 4.3 4.4 4.4 4.5 4.4Jan.
18 4.6 4.2** 40 3.2 3.8 3.8 3.6
19 10.8 7.9** 8.4 6.9 6.6 6.6 7.6Feb.
20 12.0 8.6 11.3 10,0 8.3 8.3 10.7 8.3
21 12.5 10.0 11.2 9.8 9.3 9.3 10.6 9.3

Mar.
22 12.8 12.8 10.6 10.6 10.2 10.2 10,6 10.2

1/
Calculated from daily values.

V
Calculated from maximum and minimum temperatures: average = (max. + mm. )/2.

*
From daily observations with thermistor.

**
Temperature inversions occurred during this period.



APPENDIX 5
WATER TEMPERATURE IN FUNCTION OF DEPTH (m). DAILY OBSERVATIONS IN DEGREE CENTIGRADE

June July August
1 7 15 22 29 3 9 16 23 30 621 141/ 21 27

Air 24.4 21.1 24.4 24.4 25.6 25.6 23.3 25.6 36.7 33.3 25.6 34.4 25.6 26.7

m 0 20.0 21.7 21.1 23.3 24.4 23.3 23.3 233 25.6 26.7 24.1 24.1 23.3 22.2
1 20.0 20.0 21.1 23.3 23.9 23.3 22.2 23.3 25.6 26.1 22.2 23.3 23.9 22.2
2 18.9 20.0 21.1 23.3 23.3 22.8 22.2 22.8 23.9 25.0 22.2 22.5 23.5 21.8
3 17.8 18.9 20.0 22.2 22.2 22.2 22.2 21.7 22.2 23.3 21.7 22. 1 22.9 21.6
4 17.3 17.8 20.0 21.1 22.2 20.6 21,1 21.7 22.2 22.2 21.7 21.1 22.1 21.2
5 16.7 17.8 18.9 18.9 20.0 18.9 20.0 20.6 21.1 20.6 21.7 20,8 21.4 21.1

Bottom 18.8 18.8 20.0 18.9 20.0 20.0 20,0 20.0 21.1 20.5 20,9 20.6

September October November Dec. January 1963 February
4 11 18 24 1 11 26 16 28 14 3 ii.J 24 4 13 27

Air 31.2 21.1 27.8 31.1 26.7 11.7 21.1 10.0 7.8 15.0 10.0 0.6 8.9 14.4 14,4 12.2

m 0 22.8 20.6 22.2 22.2 20.0 14.0 13.9 11. 1 10,0 10.0 6. 1 1. 1 4.4 8.3 10.6 12.2
1 22.6 20,0 21.7 20.1 18.9 14.2 13.8 11.1 10.0 8.6 6.1 3.9 4.4 8.3 10.0 11.1
2 22.3 19.9 21.1 19.4 18.2 14.2 13.4 11.1 10,0 7,8 5.6 4.4 4.4 7.8 8.9 9.4
3 21.5 19.6 20.0 19.3 18.0 14.2 13.3 11.1 10.0 7.8 5.0 5.0 4.4 7.8 8.3 8.3
4 21.1 19.5 19.8 19.0 17.8 14.3 13,3 11.0 9.4 7,8 5.0 5,0 4.4 7.2 7.8 7.8
5 21.0 19.4 19.6 18.9 17.8 14.3 13.3 10,5 9,4 7.8 5.0 5.0 4,4 6.1 7.2 7.8
6 20.6 19.4 19.4 18,9 17.8 14.3 13.2 10.1 9.4 7,8 5.0 5.0 5.0 6.1 7.2 7.8

!/Air lift intermittently on. between August 1 and August 18.

Ice cover present.

(J
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APPENDIX 6

AVERAGE PHYSICO-CHEMICAL WATER PROPERTIES OBSERVED AT MONTHLY INTERVALS

Date Water
1

Secchi
1962-63

pH M. 0. A. T.D.S. Phosphate Nitrate Plankton
TeL1p.-' disc data dry weight
°C cm °C pH ing/1CaCO3 mg/i mg/i mg/i mg/rn3

(1) (2) (3) (4) (5) (6) (7) (8)

30 May 23.7 267 23.0 - 8.70 43. 0 32. 3 less .010 .05 245
3OJune 21.2 297 20.7-8.52 43.0 56.0 .014 less .02 263

6 Aug. 23. 3 4Th21' 26.0 - 9. 20 43. 0 94. 0 .006 .05 538
26 Aug. 23.4 No data 20.0-7.60 45.0 62.5 .024 .07 237
12 Sept. 19.8 No data 20.6 - 8.53 45.8 No data No data No data 243
29 Sept. 19.0 No data 20,5 -7.40 46.0 63.0 .013 .08 108
4 Nov. 14.5 195 15. 7 7, 38 46.6 78. 5 017 .04 200
2 Dec. 8.2 3l1 8.3 9.94 25.6 55.5 .019 .07 297
4 Jan. 5. 2 15. 1 - 7. 75 44. 2 63. 5 .006 .05 148
2 Feb. 5.6 33J 10. 1 - 8. 82 36.0 58.0 .010 .08 173
1 Mar. 10.4 49.J 8. 7 7. 70 40. 3 80. 5 .015 . 15 300

''Measured at the sampling station, at 30 cm depth, with thermistor.

2/
Measurement was only possible at stations SV and SVI.

../Silt present in great quantity.



APPENDIX 7
DISSOLVED OXYGEN CONCENTRATIONS IN FUNCTION OF DEPTH (m). DAILY OBSERVATIONS IN mg/i.

1 15

June
22 29 3 9

July
16 23 30 6'-' 14'-"

August
21 27

m 0 9.68 8.40 9. 12 9.04 8.40 8.76 8.80 8.20 7. 76 7. 12 8. 28 8.96 10,04
1.5 9.68 8.44 9.04 9.08 8.52 9.04 8.00 8. 12 7.84 5.28 8. 12 9.04 9.68
30 10.40 8.08 9. 08 8.52 8.68 9.04 7. 80 8, 16 7. 32 6. 12 8. 36 9. 72 8.52
4. 6 6. 84 5. 16 0. 68 0. 36 2. 36 3.04 2.00 3. 04 0. 36 6.92 5. 60 4. 60 8. 12
6. 1 1, 36 0. 24 0. 30 0. 00 0. 28 0. 00 0. 00 0. 00 7. 20 2. 84 2. 68 6. 04

September October November Dec. February
4 11 18 24 1 11 26 16 28 14 3 11 24 4 13 27

m 0 11.04 12.44 9,80 9.84 9.76 9.32 10.48 9.28 9.74 9,96 11.08 11,72 12,08 11.36 11.64 12.00
1,5 8,60 11.08 9.64 10.48 9.48 9.44 10.04 9.68 9.78 9.92 11.40 11.64 12.96 11.48 11.24 8.92
3 8,76 10,04 8.80 10.64 10.36 9.57 9.60 10.00 9.74 9.86 14.40 11.00 13.40 11.80 11.54 8.36
4.6 7.32 10.36 6.84 12.76 8.68 9.60 10.00 9.44 9.96 9.75 10.75 10.56 13.08 11.88 10.76 7.64
6.1 3.38 10.04 2.76 10.96 8.36 9.44 10.08 9.76 9.60 9.68 10.08 10.72 9.52 10,68 9.84 7.60

ii
Air lift intermittently on between August 1 and August 18,

2/
Ice cover present.

NJ
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APPENDIX 8
WI-I1STLERS BEND IMPOUNDMENT COMMUNITY IN 1962-63. LIST OF THE ANIMAL COMPONENTS*

ANNELIDA

Oligochaeta: undetermined tubificids

MOLLUSCA
Gyraulus harpentier, ! rinaSay,, Limnaea (Ga1a) abrussa Say., Pisidlum Pfeiffer

ARThROPODA
Acari: undetermined
Crustacea: Cladocera (Daphniafl, Copepoda Ostracoda.
Insecta

Collembola
Odonata

Anisopte ra
Gomphidae: Gomphus confrate rnus S elys
Libellulidae: Libellula L., Plathemis Hagen, Pantala Hagen, Macromia Rambur.
Aeschnidae: AeaFab,, Leach

Zygoptera
Coenagrionidae Jschnura Charp., Charp., Rambur (rare).

Ephemeroptera
Baetidae: CallibaetisEaton, Caenis Stephens

Herniptera
Notonectidae: çnecta undulata Say.
Corixidae: Hççori !a(Uh1er), jgFabricius

Trichoptera
Leptoceridae, Limnephilidae, Hydropsychidae Pictet).
Coleoptera

Dytiscidae: Leach, ls&ichson,iu Clairville, Laccp11us Leach,
Laccornis Des Gozis, Q2t Seidiitz (or Deronectes Sharp).

Haliplidae: j1us Latreille, PeltodytesRegimbart
Hydiophilidae: Berosuspctatissimus Le Conte, Helochares Muisant

Diptera
Culicidae: Chaoborus Licht.
Dolichopodidae, Ephy dridae, Heleidae, Mycetophilidac, Phoridae, Psychodidae,
Scopeumatidae, Sciomyzidae, Simuliidae, Sciaridae and Tipulidae.
Tab anidae: Tabanus L.
Chironom idae

Tanypodinae: Procladius freemani Sublette M. S., j. denticulatus Subi. M. S.,
Ab1abeiya basaiis(Walley), toniavenusta(Coq.).

Orthocladiinae: Diamesa Meigen, Prodiamesa Kieffer, Psectrocladius Kieffer.
Chironominae: rsus (Tanytarsus) neoflavellus Malloch, Micropsectra Kieffer,

Chironomus Meigen (Chironomus Meigen) sp. thummi group, Ohironom (Dicrotendip)
californicus Job., Ch. (Endochirononius) gics Joh,, Pseudochironomus richardsoni Malloch,
Stictochironomus Kieffer, oecra Townes), Kieffer (Phytotendipes),
Paralauterborniella Lenz.

*This list does not pretend to be exhaustive.
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APPENDIX 8 (Continued)
WHISTLER'S BEND IMPOUNDMENT COMMUNITY IN 1962-63. LiST OF THE ANIMAL COMPONENTS

CHORDATA
Pisces: Sa1moeri ggeri Rich., ochei1useonensis(Rich.), Richardsonius

balteatus (Rich.), Rhinichy! cataractae(VaL).
Amphibia: BufoboreasboreasBaird and Girard, Rana c4esbeiana S.haw, . pPos iretiosa

Baird and Girard, Taricha glos(Skilton).
Reptilia: jrnmarmorata Baird and Girard, water snakes (unidentified).
Ayes: Branta canadensis L., Oxyura j amaicensis (Gmelin), Anas acuta L., p1a-hynchQs L., A.

carolinensis Gmelin, Avt1yaffinis(Eyton), Mareca amer±cana(Gmelin), Aix sponsa (i..), Spatula
clypeata(L.), Fulica americana Ginelin, Charadrius vociferus L.
Aechmophorus occidentalis (Lawrence), Mergus mereaser L, Megaçeryl çyp(L), Casmerodius
albus (L.), Ardea herodias L., unidentified gulls.

Mammalia: 2nlotor (L.), cows and sheep.
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APPENDIX 9
LENGTh-WEIGHT RELATIONSHIPS AND CONDITION FACTORS

Mean Average condition factor
Date Sample fork Mean Length-weight 95% confidence

1962-63 size length weight relationship interval
(cm) (g) a b r KFL S.E. KL K

28 May 207 3.27 .296 .00919 2.89247 .786 .826 . 1029 .. 624 1. 023
12 June 74 4.43 .827 .00581 3.29117 .905 .908 .0848 .738 1.078
2SJune 100 4.03 .668 .00348 3.71512 .798 .975 .1421 .692 1.258
l4July 112 5.79 2.205 .01172 2.93803 .947 1.066 .1053 .856 1.276
27 July 69 6.31 3.265 .01069 3.03486 .990 1.143 .0325 1.078 1.208
iS Aug. 100 7.36 4.545 009li 3.08937 .987 1.091 .0232 1.045 1.137
4 Sept. 100 8.16 6.471 .01159 2.98181 .966 1.121 .0310 1.059 1.183

28 Sept. 83 8.15 6.286 .02106 2.68460 .955 1. 103 .0195 1.064 1.142
13 Oct. 109 8.72 6.979 .01157 2.93053 .932 1.003 .0345 .934 1.072
26 Oct. 99 8.53 6.465 .01201 2.91422 .988 1.001 .0195 .962 1.040
16 Nov. 99 8.93 7.257 .01451 2.82416 .983 .990 .0207 .949 1.031
30 Nov. 112 9.16 7.467 .01664 2.74225 .967 .947 .0247 .898 .996
17 Dec. 152 9.51 8.138 .02823 250000 .880 .925 .0190 .888 .962
4Jan. 79 9.77 9.088 .01463 2.80644 .989 .943 .0145 .914 .972

l8Jan. 54 9.78 8.957 .01586 2.76145 .994 .923 .0084 .906 .940
31 Jan. 100 9.69 8.350 .00945 2.97251 .990 .888 .0130 .862 .914
l4Feb. 122 9.90 9.097 .01354 2.82963 .975 .917 .0195 .878 .956
28 Feb. 103 9.92 9.148 .01135 2.90613 .974 .916 .0179 .880 .952
25 Mar. 218 10.15 10.026 .01266 2.86614 .974 .931 .0224 .887 .975
Year
1962-63 2092 .00245 3.05954 .991

log W = log a + b log L

W = live weight in grams

L = fork length in centimeters

r = regression coefficient
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APPENDIX 10

CHEMICAL COMPOSITION OF JUVENILE STEEU-IEAD TROUT

Date Sample Mean Dry Matter Crude fat Crude protein
1962-63 size Fork Live (% wet weight) (% dryweight) (% dry weight)

length weight
mm

29 May 25 39.7 .553 18.46 9.32 73.24
l2June 25 46.2 .944 17.16 12.28 76.11
2SJune 25 60.4 2.360 20.51 16.87 71.28
lOjuly 25 66.2 3.135 23.35 20.72 63.81
24Ju1y 25 71.6 3.812 24.96 22.61 63.62
10 Aug. 20 78.7 5.294 24.45 24.35 62.37
31 Jan. 10 96.7 8.085 21.19 4.57 75.93
14 Feb. 10 99.4 9.051 21.42 4.54 72.55
28 Feb. 10 100.7 9.473 22.86 6.76 67.37
25 Mar.

small fish 10 8. 2 5. 320 20. 64 6. 50 76. 65
avg. fish 10 10.2 9.960 22.89 5.56 72.65
large fish 10 12.8 19.440 23.42 5.15 77.71
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APPENDIX 11

LENGTh AND WEIGHT DATA FOR GROWTh STUDY
Fork length Live weight

Date Sample Mean, 95% Mean, 95%
1962-63 size cm confidence limits S. E. g confidence limits S. E.

L U L U

28 May 207 3.27 3.231 3.309 .01967 .296 .283 .309 .00671
12 June 74 4.43 4.319 4.542 05575 .827 .756 .898 .03564
2SJune 100 4.03 3.953 4.107 .03873 .668 .617 .712 .02569
l4July 112 5.79 5.625 5.955 .08345 2.205 2.008 2.402 .09937
27July 69 6.31 6.000 6.620 .15511 3.265 2.742 3.788 .26150
15 Aug. 100 7. 36 7. 188 7. 532 .08660 4.545 4. 217 4.873 . 16500
4 Sept. 100 8.16 7.928 8.392 .11662 6.471 5.917 7.025 .27825

28 Sept. 83 8. 15 7.878 8.422 . 13578 6.286 5.613 6.959 .33637
13 Oct. 109 8, 72 8. 510 8.930 , 10536 6.979 6.425 7.533 . 27782
26 Oct.. 99 8. 53 8. 332 8. 728 .09950 6.465 6.026 6.905 .22084
16 Nov. 99 8,93 8.741 9.119 .09481 7.257 6.817 7.697 .22127
30 Nov. 112 9.16 8.976 9.344 .09210 7.467 6.813 7.911 .22278
l7Dec. 152 9.51 9.347 9.673 .08232 8.138 7.737 8.539 .20475
4Jan. 79 9.77 9.524 10.016 .12375 9.088 8.454 9.722 .31868

18 Jan. 54 9.78 9.447 10.113 .16556 8.957 8.113 9.801 .41996
3lJan. 100 9.69 9.670 9.710 .01010 8.350 7.811 8.889 .27068
l4Feb. 122 9.90 9.744 10.056 .07893 9.097 8.680 9.514 .21069
28 Feb. 103 9.92 9.752 10.088 .08418 9.148 8.682 9.614 .23361
25 Mar. 218 10.15 10.015 10.285 .06907 10.026 9.568 10.484 .22504



Date

28 May

15 June
25 June.J

1 July
15 July

1 Aug.
15 Aug.

1 Sept.
15 Sept.

1 Oct.
15 Oct.

1 Nov.
15 Nov.

1 Dec.
15 Dec.

1 Jan.
13 Jan.

1 Feb.
15 Feb.

1 Mar.
15 Mar.
25 Mar4'

Rearing period:

2

48

66

76

82

97

113

128

144

159

174

189

205

220

235

250

266

281

297

312

325

340

350

3

.296

.930

2. 205

3.420

4.545

5. 700

6. 400

6.400

6.900

6. 700

7. 050

7. 470

8. 070

8.900

9.050

8. 350

9. 100

9. 150

9.650

9.900

,JHatching date considered as April 10, 1962.

VMain stocking day of the impoundment.
,JComplementary stocking.

/ Draining date,

APPENDIX 12

OF SEASONAL GROWTH RA
utation of growth rate
ithm 01 Difference of Inst
ight logarithms gro
4 5

-1. 471 .497
-1.968

.146
1.114

.088

.176

.191

.658 .124

.756 .098

.806 .030

.806 .000

839 .033

826 -.013

.848 .022

.873 .025
.034

.907
.042

.008

.922 -.035
.037

.961
.002

.985 u24

.996

rth rate
6

1. 144

336

203

405

440

286

226

115

000

076

-. 030

051

058
078

097

018

-. 080

085

005

055

025

3. 593

T

5IZ(N)

7

93, 897

83, 500

88

72, 200

67, 200

63, 300

59, 600

56,200

53, 200

50, 500

48, 000

46, 000

44, 300

42, 840

41, 600

40, 600

40, 000

39, 500

39, 200

39, 100

urviva1 Instasataneousrate(s) mortality rate(s)
8 9

.889 .12

.946 .06

.958 .04

.926 .08

.928 .08

.931 .07

.942 .06
942 .06

.943 .06

.947 .05

.949 .05

.951 .05

.958 .04

.963 .04

.967 .03

.971 .03

.978 .02

.985 .02

.988 .01

.992 .01

.997 .00

(.384)

L.J



APPENDIX 13

POPULATION ESTIMATES OBSERVED DURING THE REARING PERIOD

Maric Number
fish Successive recapture dates, 1962-1963

(date released) released 18 Jun 10 Jul 13 Jul 10 Aug 21 Aug 13 Sept 5 Oct 28 Oct 12 Dec 31 Jan 25 Mar

Ad
(15 June) 997 58, 574 83. 947 139, 111 68, 733 96 598 98, 952 78, 089 73, 789

RV 984 18,656 77,802 117,821 91,934 93,011 118,818 142,947
(11 Jul)

LV

(11 Aug) 1894 81, 155 65, 286 83,978 78, 325 119, 322 103, 083

AdRV
(14 Sept) 2047 61,198 62,999 76,666 102,279 125,577

AdLV

(29 Oct) 1500 76. 346 72, 450 89, 219

BV

(14 Dec) 1550 42, 780 50, 268

Underlined estimates are those shown in Figure 16 and detailed in Appendix 14.

t'J

C



APPENDIX 14

STATISTICS FOR THE BEST POPULATION ESTIMATES

Marking Recapture Population estimate Gear
Date Mark No. fish Date Total catch Marks A 95%confidencelimits used1962 (M) 1962-63 (C) (R) N L U

15 June Ad 997 11 July 1263 15 83, 947 50,775 149, 906

11 July RV 984 10-11 Aug. 2372 30 77, 802 54, 534 115, 547

11 Aug. LV 1894 13-15 Sept. 2275 66 65, 286 50, 980 83,765

14 Sept. AdRV 2047 29 Oct. 2616 85 62, 999 50, 686 78, 403

29 Oct. AdLV 1500 12-13 Dec. 1985 39 76, 346 55, 863 107,491

14 Dec. BV 1550 29-31 Jan. 2898 105 42,780 35, 189 52, 056

seine

seine

trap net

trap net

trap net

trap net



APPENDIX 15
INDIVIDUAL DRY WEIGHTS OF AOUATIC INSECTS: NYMPHS

Body length, mm 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Corn phus confr ate rnus
Sample size 10 19 3 47 20 30 20 8 4
Wet weight, mg 7.92 8.21 11. 18 12.86 13.97 36. 14 42.69 77.91 109.81
Dryweight, mg 1.58 2.42 3.49 4.67 4.80 12.82 15.69 (21.50) 26.18 34.17

Libellula
Sample size 47 71 38 64 10 11 5 11

Wet weight, mg 15. 14 23.07 41.28 53,09 74.23 163.53 241.90 357. 50
Dry weight, mg (11. OQ) 3.01 5.47 8.50 13.05 15. 86 25.60 35. 65 64.46

P1 athem is

Sample size 1 2 5 11 3 25 19

Wetweight, mg 30.35 57.47 87.63 122.46 220.76 261.89 301.77
Dry weight, mg 5. 86 10.67 17.43 24.50 39.05 55. 73 66.52

Coenagrionidae
Sample size 16 21 41 17 20 11 7 18 7 14 2 1

Wet weight, mg
. 34 1.08 1. 59 3.05 5.22 11. 57 17. 58 20. 14 29. 17 34.65 47, 34 51.00

Dry weight, mg (.06). 07 .20 . 32 .57 (.80) 1.03 2.40 (2. 65) 2. 89 3. 53 5. 21 (6. 20) 7. 28 8. 65 8,74
Callibaetis

Sample size 6 31 35 69 53 73 52 49 36 5

Wet weight, rng .78 . 81 2.04 3.78 6.83 9.66 12.03 17.64 21.40 32.00
Dry weight, mg . 15 . 17 .41 .68 1.32 2.26 2.59 3.85 4.77 6.80

C aenis
Sample size 5 74 61 19

Wet weight, mg 1.10 2.71 4.71 644
Dry weight, mg .38 .52 1.17 1.41

Corixidae
Sample size 13 14 61 6 62 9 55
Wet weight, mg .78 1.76 4.62 8.04 10.98 24.40 26.91
Dry weight, rng .27 .40 .83 1.29 1.91 4.16 5.17

Notonectidae
S ample size 4
Wet weight, mg 43. 66
Dry weight, rng 11.03

____________________________________________________ N



APPENDIX 16
INDIVIDUAL DRY WEIGHTS OF AQUATIC INSECTS LARVAE (EXC, CHIRONOMIDAE)

Body length, mm 4 5 6 7 8 9 10 11
Coleoptera
Laccophilus

Sample size 17 32 29 73 13 2
Wetweight,mg .91 1.84 3.53 4.89 6.39 1062
Dry weight, mg .25 . 28 .60 1.48 1. 50 2.28

Berosus
Sample size 3 4
Wet weight, mg 12. 17 17. 68 30. 16
Dryweight,mg 3.71 4.50 5.44

Haliplus
Sample size 9 7 6
Wetweight,mg 7.81 8.76 12.45
Dryweight,mg 2.38 2.85 3.33

Trichoptera
Leptoceridae Limnephilidae

Body length, mm 5-7 12-16
Sample size 5 7
Wet weight, mg 6. 05 24. 01
Dry weight, mg 1. 56 3.08

Diptera
Tabanus Chaoborus Hele idae Dolichopodidae

Body length, mm 13 10 9 7-9
Sample size 6 4 1 4
Wet weight, mg 26. 15 2. 65 1. 38 4. 39
Dry weight, mg 4. 36 . 45 . 90 . 88

(-h)
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APPENDIX 17
INDIVIDUAL DRY WEIGHTS OF AQUATIC INSECTS: ADULTS (EXC. CHIRONOMIDAE)

Body length Sample Wet weight Dry weight
mm size mg mg

Insecta ii
Coenagrionidae 100 42. 33 6. 03
EphemeropteraV 100 7.94 1.67
Hemiptera
Corixidae

Sigara 5 14 6.69 1.91
Hesperocorixa 11 23 53.87 9.62

Notone ctidae
Notonecta 1 87. 14 31.75

Coleoptera
Laccophilus 5-6.5 25 17. 38 4.69
Berosus 8 5 36.78 9.37

Diptera
Heleidae 96 .02. .01
Phoridae 6 .30 .11
Sciaridae 4 . 22 .06
Ephydridae 100 .74 .18

Crustace a
Cladocera 84 .08 .03
Copepoda (.01)

jJlschnura and Enallagma.

.a/Callibaetis and Caenis.
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APPENDIX 18
INDIVIDUAL DRY WEIGHTS OF CHIRONOMIDAE: LARVAE, PUPAE AND ADULTS

Organisms Sample Avg. wet weight Avg. dry weight
size mg mg

Larvae
Tanypodinae
Proclaclius 265 .95 to 1.95 . 15' to
Ablabesmyia 38 .42 and . 58 . 17.J and .

Orthocladiinae
Miscellaneous 269 . 08 to 2. 05 . 02 to . 27

Chironoxninae
Tanytarsini 69 . 22 and . 33 . 07 and . 08
Chironomini
Chironomus (Ch.)

less than 10 mm 35 2.65 .47
from 11 to 15 mm
but diameter less than 1 mm 91 6.76 .95

greater than 10 mm and
diametergreaterthanlmm 71 21.93 2.80

Miscellaneous 150 1. 46 . 29

Pupae
Procladius 11 2.03 .34
Ablabesmyia 14 1. 00 . 19

Orthocladiinae misc. 51 . 28-1. 59 .04-. 30
Tanytarsini 15 . 38 .09
Chironomini
Chironomus (Ch.) 6 16. 67 2. 53
Miscellaneous 14 1.92 .87

Adults
Procladius 100 .60 . 15

Ablabesmyia 100 .44 14

Orthocladiinae misc. 100 . 69 . 19

Tanytarsini 100 . 30 .09
Chironomini
Chironomus (Ch.) 46 4.66 1.25
Miscellaneous 100 .81 .25

i/June and July
i/March
/May
/Ju1y



APPENDIX 19
LITTORAL FAUNA. TOTAL NUMBER PRESENT IN THE POND AT MONTHLY INTERVALS

Date of 1962-1963
Organisms 29 May 27 June 30 July 9 Sept. 14 Oct. 18 Nov. 18 Dec. 18,Jan. 16 Feb.

Anisoptera 290, 376 1,432,919 5, 667, 674 1,993, 523 1, 183, 179 252, 873 2, 270, 532 2, 219, 958
Coenagrionidae 944, 612 1,456, 623 612, 754 701, 644 484, 751 232, 873 1, 173, 863 3, 082, 388
Callibaetis 5, 863, 234 7, 652, 901 245, 338 1, 185, 210 1, 185, 210 590, 924 570, 960 336, 720 2, 850, 809
Hemiptera 35, 556 142, 225
Trichoptera 271, 413 34, 371 443, 193 139, 746
Coleoptera 201, 486 260, 746 338, 970 323, 562 74, 531 63, 884 2, 708, 402 371, 324
Chironomidae 9, 255, 007 22, 609, 067 13, 932, 144 12, 002, 622 16, 483, 900 1,913, 165 12, 491, 922 61, 872, 674 60, 460, 580
Miscellaneous 5, 769,602 101, 928 23, 704 1, 024, 021 1, 035, 448 443, 193 234, 240 749, 302

Total 22, 631, 286 33, 690, 780 14. 790, 236 19, 919, 824 21, 494,967 4, 797, 247 14, 518, 898 68, 596. 431 69, 874, 107

Chironomidae:
Procladius!/ 1 944, 612 9, 501, 829 6, 598, 064 2, 609, 832 1, 470, 846 665, 455 5, 824, 062 18, 640, 725 9, 730, 283

pp 66, 816 890, 093

T 1,011, 428 10, 391, 922 6, 598, 064 2, 609, 832 1, 470, 846 665, 455 5, 824, 062 18, 640, 725 9, 730, 283
Ablabesmyia 1 290, 376 1, 015, 725 1, 221, 952 878, 241 53, 334 1, 354, 866 2, 962, 606

pp 66,816 338,970 53,334
p 93, 632 202, 671
T 450, 824 1, 557, 366 1, 221, 952 878, 241 106, 668 1, 354, 866 2,

Ortho- 1 3,876,822 1, 150, 839 1,467, 290 1,531,291 53, 334 887, 717 1,305,623 5,714,928 2,942,642
cladiinae pp 271,413

p 352, 007 101, 928 272, 837 336, 720 489, 775
T 4, 500, 242 1,252, 767 1,467, 290 1, 531, 291 53, 334 887, 717 1, 578, 460 6,051, 648 3, 432417

Tanytarsini 1 164, 744 2, 211, 602 1, 834, 705 522, 678 70, 538
p 145,781
T 164, 744 2, 357, 383 1, 834, 705 522, 678 70, 538

Chironomini 1 3, 127, 769 6,982,072 2, 810, 133 6,460,580 14, 853, 052 369, 993 5,089,400 35, 825, 435 43, 983, 914
p 67, 557 280, 822
T 3, 127, 769 7, 049, 629 2, 810, 133 6. 460, 580 14. 853. 052 369. 993 5. 089. 400 35. 825. 435 44. 264. 736

Jl = larva; pp = prepupa; p = pupa; T = total.
N.)



APPENDIX 20
LITTORAL FAUNA. TOTAL DRY WEIGHT PRESENT IN THE POND AT MONTHLY INTERVALS (GRAMS

Organisms Date of Sampling. 1962-1963
29 May 27june. 3Qu1y 9 Sept. 14 Oct. 18 Nov. 18 Dec. 18 Jan. 16 Feb.

Anisoptera 15, 431 40, 226 46, 223 24, 925 9, 370 14, 946 19, 032 32, 647
Coenagrionidae 3, 591 2, 999 687 794 936 572 2, 835 10, 488
Callibaetis 284 13, 997 889 1, 327 2, 418 453 2,915 2, 036 4, 352
Hemiptera 24 95
Trichoptera 427 166 1,371 612
Coleoptera 284 379 1, 138 960 333 146 6, 841 1, 424
Chironomidae 2, 785 10, 797 2, 714 4, 468 15, 752 359 3,926 18, 993 19, 405
Miscellaneous 2,904 24 190 379 359 1,491 2,050 213

Total 25, 730 68. 683 4, 290 54, 140 45, 370 10. 874 25, 367 51, 787 69j41

Chironomidae
ProcladiusV 1 213 1,517 1,078 688 237 120 1, 051 3, 088 1, 877

pp 24 284

T 237 1,801 1,078 688 237 120 1,051 3,088 1,877
Ab1abesmyJ 1 47 130 142 154 12 200 479

pp 12 71 12

p 24 47
T 83 248 142 154 24 200 479

Ortho - 1 403 154 190 201 12 133 852 1, 371 373
cladiinae pp 36

p 142 36 13 40 53
T 581 190 190 201 12 133 865 1,411 426

Tanytarsini 1 47 154 142 415 53
p 12

T 47 166 142 415 53
Chironomini 1 1, 837 8, 368 1, 162 3, 010 15, 479 106 2, 010 14, 294 16, 277

p 24 293
T 1.837 8.392 1. 162 3.010 15, 479 106 2,010 14, 294 16, 570

J/l=1arva;pp prepupa;ppupa;Ttotal



APPENDIX 21
LITTORAL FAUNA. AVERAGE DRY WEIGHT PRES'JT IN THE POND PER UNIT AREA (mg/rn2)

Sample size 38 35 42 49 164 25 18 21 64 24 27 51
Anisoptera 130. 2 339.4 390. 0 219. 1 210. 3 70.4 112, 3 138.8 143. 0 245. 3 194. 1
Coenagrionidae 30.3 25.3 5.8 6.7 15.9 7.9 4.3 4.5 21.3 78.8 50.0
Callibaetis 2.4 118. 1 7.5 11, 2 31.0 20.4 3.4 21.9 16.2 15. 3 32.7 24.0
Hemiptera .2 .8 .3
Trichoptera 3.6 1.4 1.1 10.3 3.4 4.6 3,0
Coleoptera 2.4 3.2 9.6 3.6 8.1 2.5 1.1 4.2 51.4 10.7 31.1
Chironomidae 23.1 91.1 22.9 37.7 41.0 132.9 2.7 29.5 55.0 142.7 145.8 144.3
Miscellaneous 24.5.11 .2 1.6.1' 6.2 3.2!" 2.7.11 ii,2V s.7 15.41 1.61_I' 85

Total 216.7 579.5 36.2 456.8 318.2 382.8 81.7 190.6 227.8 389.1 519.5 455.0

Chironomidae
Procladius 1 1.8 12.8 9.1 5.8 7.2 2.0 .9 7.9 3.6 23.2 14.1 18,7

pp .2 2.4 .6

T 2.0 15.2 9. 1 5. 8 7.8 2.0 .9 7.9 3.6 23. 2 14. 1 IS. 7
Ablabesmyia 1 0.4 1.1 1.2 1.3 1.0 .1 .03 1.5 3.6 2.6

pp .1 .6 .1 .1 .03
p .2 .4 .1
T .7 2.1 1,2 1.3 1.2 .2 .06 1.5 3.6 2.6

Ortho- 1 3,4 1.3 1.6 1,7 2.0 .1 1.0 6.4 2.40 10.3 2.8 6.6
cladiinae pp . 3 . 1

p 1.2 .3 .3 .1 .03 .3 .4 .4
T 4.9 1.6 1.6 1.7 2.4 .1 1.0 6.5 2.43 10.6 3.2 6.9

Tanytarsini 1 .04 1.3 1.2 3.5 .70 .4 .2
p .1 .02
T .04 1.4 1.2 3.5 .72 .4 .2

Chironomini 1 15. 5 70.6 9. 8 25. 4 28. 80 130.6 . 8 15. 1 48,9 107.4 122. 3 114. 8
p .2 .05 2.2 1.1
T 15.5 70.8 9.8 25.4 28.85 130.6 .8 15.1 48,9 107.4 124.5 115,9

Caenis JMost1y Tabanus JDo1ichopodidae and Tabanus,/Mostly



APPENDIX 22
FJV1t,K(,1N( FAUNA. AVEKA(,E1(J1AL OAILY NUMBER OF ORGANISMS EMERGING FROM ThE POND EACH MONTh

Month,__1962-1963
May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar.

Coenagrionidae 13, 736 59, 852 13, 812 361, 317 82, 414
Ephemeroptera 18, 263 106, 708 291, 570 129, 329 4, 604 3, 000
Ephydridae 13, 736 223, 650 9, 132 13, 812 48, 488 3,000 (?) 3,000 641, 628
Chironomidae 4, 143436 10, 065, 198 27, 034, 478 15, 846, 126 7, 188, 012 95, 518() 760, 896 525, 308

Total 4 170, 908, 366, 963 27, 164, 130 16. 512, 825 7, 734, 796 271 528 236, 500 98, 518.J1) 763, 896 1, 169, 936

Chironomidae
Procladius 1, 590, 380 1, 049, 770 2, 537, 560 3, 373, 096 2, 970, 894 18, 416 51, 488jsmia 237, 291 824, 125 1,209, 369 1,291,565 577, 048 12, 122
Orthocladiinae 1,194,489 2,670,995 4,212,356 2,313,152 615, 179 114, 794 160, 768 84, 016 (?) 318, 515 95, 443
Tanytarsini 888, 037 1,429, 119 9,096, 696 331, 707 2, 882, 168 13, 812 3,000 11,502 (?) 431, 792 59, 077
Chironomini 233. 239 4, 091, 189 9,978, 497 8, 536, 606 477, 764 119, 902 24, 244 10, 589 307, 178



APPENDIX 23

EMERGING FAUNA. AVERAGE TOTAL DAILY DRY BIOMASS OF ORGANISMS EMERGING FROM THE POND EACH MONTH (GRAMS
Month, 1962-1963

May june July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar.
Coenagrionidae 71 356 71 2, 145 498

Ephemeroptera 24 178 498 213 12 13

Ephydridae 2 36 2 3 13 1 (7) 1 120

Chironomidae 842 5, 143 12, 468 9,981 1, 399 166 54 14 j?) 109 229

Total 915 5,559 12 719 12, 627 2,110 178 67 15 (?) 110 362

Chironomidae:

Procladius 237 154 379 510 450 3 7

Ablabesmyia 36 119 166 178 83 2

Orthocladiinae 237 509 794 439 119 24 27 13 (7) 67 13

Tanytarsini 83 130 818 24 261 1 <1 1 (?) 40 7

Chironomini 249 4,231 10,311 8,830 486 138 27 2 200

N)
U,
C



APPENDIX 24

STOMACH CONTENTS, TOTAL NUMBER OF ORGANISMS OBSERVED IN A COMPOSITE SAMPLE OF HALF STOMACHS

Date, 1962-63 31 12 25 10 27 14 4 28 13 3 16 30 17 4 18 1 14 28 21
May June June July July Aug. Sept. Sept. Oct. Nov. Nov. Nov. Dec. Jan. Jan. Feb. Feb. Feb. Mar.

Organisms (n: nymph; 1: larva; p: pupa; a: adult)
Libellula 3n iOn 2n 4n in l3n 3n 2n 3n 2n 2n 19n
Platheniis in 4n
Aeschnidae in

Coenagrionidae in in Sn 3n+6a in 2n in 2n 2n 9n 3n 4n 182n
Callibaetis 5n 9n 9n 48n 4n 34n in in 3n 2n 33n 38n 45n 40n 33n i4n 34n
Caenis in 3n
Corixidae la 6n 2n 4n 3n 2n 2a La la 3a la
Notonectidae la ia 2n la la in 2n

Trichoptera ii 21 ii ii 21+la 11 Li

Berosus ii 81

Laccophulus 191 31 21 51 2a
Haliplus 3 Si 31

Chironomidae 56 33 i254 150 137 40 93 138 19 102 66 136 317 82 269 178 266 113 42
Heleidae ip 1.1 i ll+ip ip 2a i,a 20a 2a 4a 2a
Dolichopodidae 11 241 31 21 2! 21

Misc.aq.. DipteraL/ la i0a ia 18a 2a la
Thysanoptera 5 1 2

Misc, terrestrial
insects, aduits2/ 2 5 1 1 3 2 8 28 7 12 1 2 1

Acari 9 3 i 1 1 1 1 1 1

Total Arthropoda 80 45 1262 175 174 101 122 180 3i 137 127 176 381 134 354 226 305 140 290
Cladocera (20)(200) 5 2 (650) (1200) (45)(i000) (150) (50) (100) (100)
Copepoda (53) (35) (2100) (150) (50) (150) (iOO) (100)

, / see next page.
N)
U,



APPENDIX 24 (Continued)
STOMACH CONTENTS. TOTAL NUMBER OF ORGANISMS OBSERVED IN A COMPOSITE SAMPLE OF HAlF STOMACHS

Date, 1962-63 31 12 25 10 27 14 4 28 13 3 16 30 17 4 18 1 14 28 21

May June June July July Aug. Sept. Sept. Oct. Nov. Nov. Nov. Dec. Jan. Jan. Feb. Feb. Feb. Mar.

Chironomidae (1 = larvai p pupa; a = adult; T = total)
Procladius 1 4 3 17 11 40 5 3 1 1 2 22

p 1 3 8 55 3 1

a 1 1 1

T 5 6 17 20 55 44 6 3 1 1 2 23

Ablabesmyia 1 2 2 45 5 11 4 7 11 12 6

p 5 16 4 3 8

T 2 2 5 61 9 3 11 4 7 11 20 6

Orthocladiinae 1 23 4 1201 89 2 7 41 11 70 87 26 126 70 65 5 1

p 8 9 43 32 26 12 52 3 9 1 4 46 5 35 9

a 3 18 24 22 26 13 47 2 13

T 31 13 1244 121 26 3 12 78 7 68 42 71 113 43 219 75 102 27 1

Tanytarsini 1 10 3 6 12 3 2 1 3 1 53 171 6 5 79 47 16

p 2 1 1 2 3 1 3 6 7 79 6

a 10 5

T 10 5 1 7 12 3 4 1 3 1 56 172 9 21 86 126 27

Chironomini 1 6 4 4 2 4 2 19 4 15 15 2 2 5 1

p 1 9 1 14 16 10 1 4 18 26 7

a 3 2 17

T 7 13 1 14 20 2 14 3 2 22 4 4 15 15 19 2 18 31 8

Total 1 45 13 1201 98 78 21 6 42 15 66 13 127 285 51 133 158 123 40 30

Chironomidae p 10 20 50 50 58 12 79 55 3 4 13 4 1 7 52 12 132 49 8

a./ (1) (3) (2) (1) (71 (8) (41) 1 (32) (40) (5) (31) (24) (84) (8) (11) (24) (4)

1' 56 33 1254 150 137 40 93 138 19 102 66 136 317 82 269 178 266 113 42

iJPhoridae, Psychodidae, Mycetophilidae and Sciaridae.
/Main1y: Homoptera, Hemiptera, Hymenoptera and Psocoptera.
/Undeterniined Chironomidae included.

U,
N)



APPENDIX 25
STOMACH CONTENTS. TOTAL DRY WRIGHT OF ORGANISMS OBSERVED IN A COMPOSITE SAMPLE OF HALF STOMACHS (mg)

Date, 1962-63 31 12 25 10 27 14 4 28 13 3 16 30 17 4 iW I "f4 28"'l
May June June July July Aug. Sept. Sept. Oct. Nov. Nov. Nov. Dec. Jan. Jan. Feb. Feb. Feb. Mae.

Organisms (all stages of development)

Libellula 14.97 51.44 2.00 32.27 .60 228.09 47. 15 26. 10 29. II 13.97 13.97 218.23
Plathemis 35.65 189. 64
Coenagrionidae 3.53 .32 4.69 38.81 1.03 2.72 2. 65 1.60 10.42 30.09 6. 10 3.60 190.27
Callibaetis 11.50 21.95 10.92 107.23 5.28 57.85 2.26 . 13 3.44 4.02 35.31 53.97 81.83 51.49 35.01 27.52 63. Il
Caenis

. 52 1. 56
Coriuidae 1.91 7.32 1.66 2.76 2.06 1.23 2.80 1. 91 .83 6.00 1.91
Notonectidae 9.50 9, 50 12. 17 5, 17 6.00 5. 17 7.08
Trichoptera 1.56 3.50 2.40 1.56 4.82 3.08 1.56
Berosus 1.00 29.68
Laccophilun 4.38 .63 2.50 7.40

. 60
Haliplus 7.20 14.00 8.40
Chironomidae 15.74 15.51 32.04 27. 17 33. 12 8.48 38. 33 25.47 3.09 21.43 15.04 18. 58 47. 28 15. 30 55.46 26. 81 48.86 49. 55 24. 28
Heleidae 1.00 .90 .90 1.90 1.00 .02 .01 .20 .02 .04 .02
Dolichopodidae .50 12.00 1.50 1.20 1.20 1.40
Misc. aq. Diptera .11 .85 .06 1.66 .20 . 11
Thysanoptera .30 .06 .12
Aeichnidae 75.00
Misc, terrestrial adults , 10 .40 1.20 5.00 .30 .20 1.00 1.45 3.90 4.50 . 10 .50 . 10
Acari . 54 . 18 . 06 .06 . 06 . 06 , 06 . 06 . 06

Total Arlhropoda 24.69 28.89 45.90 60.50 88.32 138, 18 188.83 96. 16 40.83 28. 16 272.83 90.90 117.26 124. 12 231.73 91. 13 105.40 83.42 709.44
Cladocera .60 6.00 . 15 .06 19.50 36.00 1.35 30.00 4.50 1.50 3.00 3.00
Copepoda .53 .35 21.00 1.50 .50 1.50 1.00 1.00

Total mt 25.29 34.89 45.90 60.30 88.47 138.24 188.83 115. 66 41.33 64.51 274.20 141.90 123.26 126. 12 201.73 95. 63 106.40 87.42 709.44

chironomidae (1 = larva; p pupa; a = adult; T = total)
1 1.36 .48 2.72 1.76 6.40 .80 .48 . 16 , 16 .32 7.70

Procladius p 34 1.02 2.72 18.70 1.02 .34
a .15 .15 .15
T 1.70 1.50 2.72 4.63 18.70 7.57 .98 .48 . 16 . 16 .32 8.04
1 1.00 .34 6.32 .95 1,54 .56 .98 1,72 1.68 2.52

Ableamyia p .95 3.04 .76 .57 1.52
T 1.00 .34 .95 9.36 1.71 .57 1.54 .56 .98 1.72 3. 20 2.52
0 4.14 .52 24.02 8.90 . z6 .91 5.33 1.65 10.50 11.31 3.90 22.68 12.60 12.22 .90 . 18

Orthocladicnae p 1.28 2.70 4. 73 3.52 2.86 1.42 5.72 .44 .99 . 10 .40 7.36 .80 5.60 1.44
a . 57 3.42 4. 56 4, 18 4,94 2.47 8. 93 . 38 2.47
T 5.42 3.22 28.75 12.42 2.86 .57 1.42 9,40 .91 10.33 6.82 10.60 16.25 6.77 38.97 13.40 18.20 4.8) .18

.80 .21 .48 .96 .24 . 16 .08 .24 .08 5.30 17. 10 .60 .40 7.90 3.76 1.28
Tanytarsini P .18 .09 .09 . 18 .27 .09 .27 .54 .63 7.11 .54

a .90 .45
T .80 .39 .09 .57 .96 .24 .34 .08 .24 .08 5. 57 17. 19 .87 1.84 8.53 10.87 2. 27

1 5.70 2.84 1. 16 .58 .87 .58 5.51 1. 16 10.89 4.35 1.93 1.90 4.75 .95
Chironommi p .87 8.72 1.50 12. 18 15.81 15.00 .87 3.48 15.82 32.70 11.59

a 3.75 2.50 10.25
T 6.57 11.56 1.50 12. 18 16.97 .58 15.87 3,75 .58 8.88 3.48 I. 16 10.89 4. 35 12. 15 1.90 15.82 37.45 12. 54

1 10.00 3.91 24.02 9.86 11. 16 3.53 1.03 6.66 2,37 11.56 1.89 16.96 41.00 9.41 24.98 23.38 17.70 8.93 11.35
Total p 2.49 11.60 7.27 16.81 21.71 3.48 .35.30 6.74 .57 1.31 4.47 .37 .09 .67 7.90 1.40 28.53 36,20 11.93
Chironom)dae a (.25) (. 75) (.50) (.25) (1.47) (2. 00) (12. 07) . 15 (8. 56) (8, 68) (1. 25) (6. 19) (5. 22) (22. 58) (2. 00) (2. 63) (4.42) (1. 00)

T 15.74 15,51 32.04 27, 17 33. 12 8.48 38.33 25.47 3.09 21.43 15.04 18.58 47.28 15.30 55.46 26.81 48.86 49,55 24.28
t')
Ui
tjJ



APPENDIX 26

COMPOSITION OF FOOD MATERIAL INGESTED BY JUVENILE TROUT (PERCENT TOTAL DRY WEIGHT OF HAlF-STOMACH CONTENTS)
June Oct. Jan.

June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. to to to
Sept. Dec. Mar.

Sample size 31 36 34 21 32 31 30 30 31 21 (89) (53) (61)
Fish avg. fork length, mm 47.6 62. 6 77.4 86. 1 90.6 91. 7 95. 4 96.4 98. 3 104.6 68.4 92.6 99. 8
Avg. dry weight food per

1half stomach, mg 6.527 12. 008 24. 737 28. 732 14. 307 30. 379 26. 078 28. 232 19. 328 79. 734 18.00 23. 59 42.4

Anisoptera 19.0 24.0 26.8 39.1 25,8 10.0 4.4 29.8 10.6 30.5 14.7
Coenagrionidae 3.4 .2 8.0 10.7 1.7 1.7 3.2 9.8 3.5 15,5 5,6 2.2 9.6
Callibaetis 8. 2 24.4 31. 0 26.4 18. 6 1.4 24. 9 45. 7 39.4 20. 1 22. 3 15. 0 35. 2
Hemiptera 10.8 3.5 2.7 6.6 6.0 3.8 1.2 2.8 4.4 1.6 5.9 3.7 2.9
Trichoptera 2. 1 2. 8 2. 1 1. 3 . 5 . 5 2. 1 . 3

Coleoptera 7,3 15.4 14.0 1.8 5.4 5.1 9.1 2.4 1.7
Chironomidae 58.8 50.7 21.3 21. 2 20.9 17. 3 21. 2 22.6 43.7 30. 1 38. 1 19.8 32. 1
OtherDiptera 2.8 2.1 .4 .2 3.0 3.8 1.3 .5 .1 1.3 2.3 .6
Crustacea 6.5 <.1 <.1 8.4 24.8 31,0 14.1 2.1 3.4 2.3 3.7 23.3 2,6
Misc, aquatic forms 2 . 2 . 2 . 1 <. 1 <, 1 <. 1 2 1 , 1 . 1
Misc, terrestrial forms . 1 . 7 1. 3 1. 4 . 8 .8 .4 <. 1 . 2 . 3 1. 2 .7 . 2
Chironomidae

Procladius 1 1.8 1.3 1.4 2.8 2.7 .3 <.1 .1 .7 1.8 1.0 .3
P .4 .6 4.0 5.4 .3 2,6 .1
a <.1 <.1 .1 <.1 <.1
T 2.2 1.9 5.4 8.2 3.0 .3 <.1 .1 .7 4,4 1.1 .3

Ablabesmyia 1 1.6 2.4 2.7 .6 .5 1.5 1.1 1.7 .2 1.0
p .7 1.8 1.3 .5 .6 .8 1.0 .2 .5
T 2.3 4.2 4.0 .5 .6 .5 2.1 1.9 2.7 .4 1.5

Orthocladiinae 1 23.5 22.4 .1 3.7 5.4 6.6 9.3 8.6 .5 11.5 5.3 6.1
p 7,7 6.4 1.3 2.9 1.9 .4 .1 1.6 2.6 .8 4.6 .8 1.7
a .1 1.5 3.3 2.9 2.0 2.1 1.1 1.4 .4 2.7 1.5
T 31.2 28.8 1.4 4.5 8.9 8.7 8.7 13.0 12.3 2.7 16.5 8.8 9,3

N)
0-I



APPENDIX 26 (Continued)
COMPOSITION OF FOOD MATERIAL INGESTED BY JUVENILE TROUT (PERCENT TOTAL DRY WEIGHT OF HALF-STOMACH CONTENTS)

June Oct. Jan.
June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. to to to

Sept. Dec. Mar.

Tanytarsini 1 1.2 .6 .4 <.1 .2 1.4 6,1 3.0 4.4 .8 .6 2.6 2.7
P .2 .1 <.1 <.1 <.1 .1 .4 2.6 .3 .1 <.1 1.1
a .1 .2 .2 .2
T 1.4 .7 .4 .1 .2 1.4 6.2 3.5 7.2 1.3 .7 2.6 4.0

Chironomini 1 10.2 .4 .7 .2 3.3 3.1 4.4 2.1 2.5 2.7 2.9 3.6 2.4
P 10.6 13.8 8.8 4.0 .4 .9 17.5 20.0 9.3 .4 12.5
a .9 .9 .6 4,2 4,6 2,9 1.3 3.5 2,0 .8 1.6 2.9 2.1
T 21,7 15. 1 10. 1 8.4 8.3 6.9 5.7 5.6 22.0 23.5 13.8 6.9 17.0

N)
Ui
Ui



APPENDIX 27

INDIVIDUAL VARIATION IN STOMACH CONTENTS OF JUVENILE TROUT. BASIC DATA FOR STATISTICAL ANALYSIS

Stomach no. 1 2 3 4 5 '6 7 8 9 10 Total

A. Callibaetis nymphs
1. Number:

All insects 8 8 22 12 5 4 14 9 8 54 144
Callibaetis 8 5 13 2 2 3 2 2 4 50 95

2. Dry weight, mg:
All insects 12.40 8. 14 21.22 7.36 5.39 6, 65 22.68 6, 33 8. 32 39.75 138,24
Callibaetis 12,40 7. 87 18.43 4.52 4,52 6.40 4.52 3.91 7.47 37, 19 107.23

B Orthoc]adiinae larvae
1, Number:

All insects 33 7 3 3 11 27 38 18 9 27 176
Orthocladiinae 10 2 0 1 3 11 9 11 4 19 70

2. ywgt mg:
All insects 29,86 15.91 13,20 7,46 19,95 20.26 13,40 11.05 1,16 9,65 141.90
Orthocladiinae 1,50 . 30 .00 , 15 .45 1.65 1.35 1.65 .60 2, 85 10.50

C. Chironomini pupae
1, Number:

All insects 25 12 10 13 11 16 22 15 4 13 141

Chironosnini 6 7 3 1 0 6 1 1 1 0 26
2. Dry weight. nc

All insects 10,28 8.98 5,55 9,20 1.85 14. 24 16.91 10. 89 3. 58 5,40 86.88
Chironomini 7.11 7,98 2.61 1,50 .00 9.00 150 1,50 1,50 .00 370

U,
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APPENDIX 28

RECOMMENDATIONS: MANAGEMENT OF WHISTLER t5 BEND
POND FOR PRODUCTION OF STEELNEAD SMOLTS

The main purpose of rearing juvenile steelhead in an impound-

ment is the production of fish physiologically ready to migrate sea-

ward as soon as possible after their release from the rearing area.

The main point of interest therefore resides in the yield cropped at

the end of the rearing period. But it was shown in the course of the

discussion that the yield was the result of the action of many inter-

related factors on successive steps. Only some of these steps were

considered in the present study, the initial one being the food intake

of the trout population. The next steps involved were the contribution

of this total food to growth, the transformation of this last portion in-

to fish production and finally the success of survival of this elaborated

material. How and how far each of these steps may be expected to be

modified by human action to increase the yield will be the subject to

be discussed as the conclusion of the present study.

The Food Intake

The food intake of a fish population is mainly dependent of the

production rate of its food supply and of its self-grazing efficiency,

two aspects which must be considered separately.
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Rate of Production of the Food Supply

The juvenile steelhead trout were shown to rely practically

(practica exclusively and since the first day of their introduction

in the pond on the insect fauna living in their environment (littoral

fauna). The size of the food eaten increased in function of the size of

the fish itself, the bulk of its diet being successively composed of

chironomids, chironomids and Caliibaetis, Callibaetis and libellulids..

Two possibilities of interference with the rate of production of these

main organisms exist; either their food supply or their yield may be

improved.

The improvement of the food supply of each organism will de-

pend on its particular feeding habits. Most of the chironomids feed

mainly on diatoms, protozoans and disintegrating tissues of higher

plants (79, p. 393). The Tanypodinae are carnivorous. Callibaetis

mostly thrive on algae (15, p. 15-16) while libellulids are carnivor-

ous, feeding most probably on the two previous groups. The increase

of the plankton therefore seems at first an appropriate approach al-

though its dynamics within the pond community being unknown the

necessity of this measure may not be estimated on a sound basis.

The presence of sheep and cattle in the adjacent pastures already

provides the pond with a certain amount of soluble nitrogenous

organic matter, dependent on rain for delivery into the community
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mainly in fall and winter. Artificial fertilization by use of mineral

nutrients might be contemplated but only with great caution. It has

been very successfully used in Europe and in the southeastern United

States to increase the yield of fish with short food chain. Outside

these areas and particularly for salmonids, the results may be van-

able and quite unpredictable (14, p. 166; 30, p. 132). "Detrimental

effects may sometimes outweigh any gain due to increased fish yield",

such as algal blooms and excessive weed growth (46, p. 528). For

trout lakes in particular, the addition of phosphate to increase the

fish production was shown to be economically unsound (48, p. 1-6).

It is concluded that, in the present state of knowledge, an indis-

criminate fertilization is not advisable (30, p. 132).

Improving the survival of the main food organisms presently

can be considered of greater importance. The removal of the great

pressure put on them in the fall by numerous aquatic birds would

considerably increase their yield at a time of the rearing period when

the other environmental conditions are still excellent for fish produc-

tion. The timing of the draining period to coincide with rainy weath-

er as well as the rapid removal of the water could increase consider-

ably the survival of the littoral fauna as discussed previously. Any

measure decreasing the downstream displacement of the fauna taking

refuge in the channels would also contribute greatly to save part of

the surviving fauna. I believe this to be particularly recommended
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during the chemical treatment preceding the next rearing period.

The recolonization of the refilled impoundment will then be consid-

erably improved particularly for the small-sized species of chiro-

nomids and Callibaetis which constituted the basic food of the young

trout during the first two months.

Grazing Efficiency of the Trout Population

The efficiency with which the trout population will be able to

use the existing littoral fauna depends on its rate of stocking and on

the degree to which the organisms are accessible.

Not enough is actually known, to soundly assess the stocking

rate of juvenile steelhead which will be optimum from the standpoint

of the exploitation of the food supply. On a general basis, Schaeper-

claus recommended 10, 000 fed-fry rainbow trout per hectare of natu-

ral rearing area (101, p. 122). In the present case the size to be

reached at the end of the rearing period is most important. A lower

stocking rate of about 8, 000 fed fry per ha had a rather high eco-

trophic efficiency (78 percent). As will be discussed later on, other

management practices will mainly decide the stocking rate to be

adopted to produce steelhead smolts.

The availability" of the food organisms to fish was shown to

depend on many factors. Of these, only some of the factors related

to the physico-chemical properties of the environment may be
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controlled at least partially. In summer, an air lift pump can be

successfully used to keep the content in dissolved oxygen high at all

depths (21, p. 138). This will enable the trout to have access to all

potential feeding grounds. Turbidity may considerably decrease the

availability of food organisms, particularly for trout which rely

mainly on vision to feed. The most important factor which contrib-

utes to permanent turbidity is the quantity of dispersed colloidal clay

existing in the drainage area. This quantity is high in the present

case. Irwin and Stevenson described these clay particles as nega...

tively charged (55, p. 9). Their precipitation was shown to be

greatly increased by the presence of vegetation and organic matter

(55, p. 46-50). The abundance of both of them in the impoundment

will contribute to increase the floculation rate of the silt. However,

it would be possible to reduce the amount of silt washed into the pond

in at least one particular area very rich in food organisms.. In the

western corner of the pond great siltation originated from the drain-

ing of the road area. The incoming water could be easily diverted

toward the opposite side of the dam. Siltation in general would also

be reduced if the aquatic vegetation was allowed to colonize the

shallows around the pond and reduce the wave action in these areas,

rich in colloidal clay. Reduced fluctuation of the water level in

summer will facilitate the rapid colonization which already started

in 1963.



262

Many studies confirm the important role of aquatic macrophytic

vegetation in aquatic communities. As just discussed, it contributes

to reduce turbidity. But also it affects directly the animal component

of the community as shelter, source of oxygen, food support, route of

emergence, breeding place, etc. (116, p. 307). Chara in particular

was found by Needham to yield the greatest amount of invertebrate

fauna per unit area (80, p. 144). Potamogeton also is considered as

an excellent producer of food organisms (35, p. 357). On the con-.

trary, emerged plants may in a few years become a nuisance if not

kept under control. Typha is particularly noxious and greatly in-

creases the inaccessibility of food organisms to fish (101, p. 41-42).

It was easily kept under control in Whistlerts Bend by manual removal

at each draining. This practice is to be recommended. During summer

1963, the invasion of new areas by both emerged and submerged

plants was observed. This type of evolution may be predicted for

the next years. It is to be encouraged along the edges in very shallow

areas to reduce turbidity as emphasized before. In deeper water, the

colonization by Chara of the actually barren yellow-clay area would

enhance greatly the food supply. But in other areas an excessive

development of submerged vegetation might result in a decrease of

the organism availability to fish. Competition with phytoplankton

for minerals might develop, especially for phosphorus (116, p. 308).
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Growth

The portion of the total food intake which is used for growth will

vary in accordance with the nutritive physiology of the juvenile steel-

head and growth rate. Both were shown to be greatly dependent of

water temperature and feeding conditions. Maintenance requirements

in summer might be reduced by attempting to keep the water-mass

temperature as low as possible, which will probably be between 20°

and 22°C. This was realized very easily in mid-summer 1962 by

artificial mixing. The effect of vertical mixing at regular intervals

on the food-chain organisms in general would have to be investigated.

The importance of refilling the impoundment without pumping

(or at least without creating a current in the spillway entrance area)

is now to be considered in relation with the trout population itselL

At least one-third of the total fish population stocked in late May i962

was estimated to remain concentrated in front of the spillway for at

least 45 days. Total dispersion only occurred two months after the

stocking day when the pump was shut. This attraction of juvenile

salmonids by a strong current perfectly corresponds to the natural

behavior of fish adapted to live in lotic environments.

This specific behavior was shown to be associated in one-month-

old brown trout with territoriality, the fish becoming gregarious and

searching for food only when the current became less than 10 cm/sec
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(58, p. 82-86). These observations agree very well with the observed

behavior of the juvenile steelhead trout in the current created by the

incoming river water although no attempt was made to establish the

existence of any territorial behavior. In any case, the maintenance

requirements of this part of the trout population may be thought as

having been higher in such a situation. Also, their food intake was

supposedly reduced compared to what it would have been in the rest

of the pond. Altogether, the proportion of the food intake available

for growth was considerably decreased and a relatively great loss in

production probably occurred. If water pumping revealed itself to be

necessary, all attempts to bring it into the pond without creating a

current will reduce the chances of decreased growth in part of the

trout population. Artificial mixing created in the vicinity of the point

of discharge of the colder river water might help to decrease the

tendency of the young trout to congregate in any one particular area.

Prcdiirti ('n

The efficiency with which the food used for growth is trans-

formed into tissue is entirely a function of the physiology of the

juvenile steelhead trout itself. Again water temperature is the

main factor involved. Possible human interference at this step is

then limited to attempts to keep water temperature as close as

possible to the optimum value for food conversion efficiency.
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Summer mixing of the water mass appears again as an advisable

practice from this standpoint.

Yield

The relative value of the yearling trout population cropped at

the end of the rearing period must be evaluated from two aspects:

its quality and its quantity.

Qualitative Aspect of the Yield

One of the main purposes of rearing juvenile steelhead in an

impoundment is to produce fish ready to migrate downstream and

enter the ocean as soon as possible, the hazards of the fluviatile part

of their life being reduced to a minimum, The attainment of the

smolting condition at the normal season of migration is then of great

importance.

The starting of the physiological changes involved in the parr-

smolt transformation is thought to be partly based on the size reached

by the young trout at the migration season. At the end of the 1961-62

rearing period, the trout averaged 16 cm in length. Eighty-five per-

cent of the population was estimated in the smolt stage. I At the end

of the present study, the fish averaged 10 cm and only one percent of

1Oregon State Game Commission, Research Division. Unpub
lished data.



266

them was considered smolting. In Medco Pond, summer steelhead

averaged 13 cm in two consecutive rearing periods. The smolt pro-

portion was estimated 25 and 40 percent respectively. The goal to

be achieved in spring may then be defined as a steelhead trout popu-

lation composed of fish averaging at least 15 cm in length.

The attainment of such a goal will depend on the ecological

conditions of the rearing period as discussed previously. Rate of

stocking and condition of the trout stocked will also influence the

final result. A fish density adapted to the growth and survival fac-

tors of each particular rearing year will have to be chosen. The

stocking of the pond with fed fry in good health will increase the

chances of producing smolts. But one of the main factors to be

considered here, I believe, is the length of the rearing period itself.

Both the stocking and the draining dates will determine it.

Stocking must be done as soon as possible. The ripening of the

brood stock, the hatching of the eggs and the growth of the fry at the

hatchery are the main steps where every attempt for gain in time is

highly desirable. All factors being considered, it appears as very

improbable that the stocking could be done before early May.

The draining was shown to be best decided as coinciding with

a rainy period and I believe this last factor must have priority over

1Oregon State Game Commission, Research Division. Unpub-
lished data.
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the average size of the fish reached in spring if the impoundment is

to be reused for trout rearing during the same year. From compari-

son of climatological data spring 1962 was shown to be abnormally

dry. In 1963, more average conditions existed and draining the pond

in late March enabled a satisfactory natural refilling. Late March

seems to be taken as the most probable time of draining.

Consequently, the maximum length of the rearing period for

juvenile steelhead in the impoundment is 11 months. In most in

stances it will be shorter by at least 15 days. In comparison with

the present rearing, an extra fifteen..day growth could be obtained in

the spring. The pond having supposedly been refilled quickly, the

points previously discussed suggest a considerable improvement in

growth. The possibility of producing a final crop composed of at

least 75 percent smolts might then be regarded as possible under

the same rearing conditions as in l962l963: a net stocking rate of

about 8, 000 fed fry per ha and a normal survival (40 percent).

Quantitative Aspect of the Yield

From the quantitative standpoint, the yield was defined as the

surviving portion of the production. It is under the direct influence

of any cause responsible for the loss of the already elaborated fish

tissue, The main cause was shown to be predation. Other most

probable causes are natural death, water temperature and dissolved
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The most important trout predators in an impoundment, as

discussed previously, are residual fish, birds and poe sibly bullfrogs.

The importance of the chemical treatment to get rid of any residual

yearJng trout before the introduction of a new stock is beyond doubt.

However as was stressed already, its indirect effect on the fishfood

supply must also be considered. Measures might be taken to prevent

part of the surviving insect fauna from being displaced from the upper

regions of the creek channels. The control of the bird predators is

also of great importance. in particular, herons, mergansers and

grebes should be destroyed by shooting. Kingfishers are easily

trapped. The abundance o bullfrogs in the summer was shown to

be due to a continuous immigration and the necessity for their eradi.

cation at short time intervals was emphasized. From the preceding

points, I believe that it will not be possible to carry out an effective

predator control in the absence of close surveillance. The exact ex

tent of the effect of this on the yield may not be predicted although a

decrease is most probable. A readjustment of the stocking rate might

then be a possible solution which will still involve many unknown fac

tor s.

Losses due to natural death are particularly important during

the first months of rearing. Although normal to expect in very

young organisms, especially when transferred into a completely
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new environment, these losses are considerably reduced when stock-

ing healthy twoweek fed fry. The overall survival of rainbow trout

populations stocked under these conditions may be expected to be

generally three times as great as identical populations stocked as

unfed fry (101, p. 122).

High temperature and oxygen depletion are not to be feared if

artificial mixing can be induced. Routine checks of physical water

conditions from July until the first rainfalls are part of the essential

management practices in such an impoundment.

Fluctuations of water level are to be checked especially in win-

ter when a sudden increase of the runoff might cause the water to

spill over the rotating screens. The stabilization of the water level

by the opening of the outlet valve prior to the excessive rise of the

water in the pond can easily prevent the escape of fish which might

happen in such cases. Fish escaping through the outlet valve may be

collected in the screened fish trap. The loss of fish due to the rapid

lowering of the water level at the end of the rearing period occur when

they are trapped in puddles and in the vegetation. A further develop-

ment of the latter will tend to increase the losses and a constant

search for trapped trout during the draining of the pond could be

considered necessary.

As emphasized by Ricker and Foerster, who studied the effect

of predator control on the dynamics of juvenile sockeye salmon in
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Cu.ltus Lake;. the favorable effect to be expected is a quantitatively

improved yield rather than an improved production (96, p. 203).

From their discussion, it may be concluded that there could be in

stances where the further increase in number of the fish population

induced by predator control would result in a decrease instead of a

further increase in prodcction. The stocking rate will then need to

be adjusted not only in function of the lack of control, as stressed in

a previous paragraph, but also in relation to the planned intensity of

the predator removal. In both cases, the maximum carrying capacity

of the pond eapahie of yielding smolts will have to be judged on the

basis of the availaUc food supply mainly.

n-nc- lii -i n-n

in the previous sections, the various possibilities of human in

terference at each of the four basic steps leading to optimum yield of

smelt steelhead trout in Whistlers Bend Pond were discussed As a

result. it appeared that possible interferences at the pond itself con

sisted mainly in managing the environment of the fish population rath

er than the population itself refilling of the pond, artificiaL mixing

of the water mass in the summer, management of the populations of

food organisms and predator control, All these points emphasized

the fact that constant surveillance might play an important role in

the proper management of the impoundment.
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Although the control oi the environment was shown to be poss

ible in many different ways, some biological facts must be considered

that, for all practical purposes, cannot be managed. As stressed by

Gerking, 'fish production and food production are not synchronized

in timeu (40, p. 73). The former is mostly concentrated in summer,

the latter in winter. In the case o± salmonids a certain overlap may

happen in fall. In the case of a pond drained every year in spring,

this asynchronism points out the importance of saving as much as

possible of the biornass of food organism during the drainingrefil1ing

period. Particularly chironomid larvae and Callibaetis nymphs, and

possibly hemipteran nymphs, are of interest because of entering the

diet of the young trout immediately or soon after their introduction

From the standpoint of fish growth it is essential that not only the

production of these organisms is able to keep up with the trout con

sumption but also that their biomass is large enough to maintain the

grazing efficiency of the fish population as high as possible. The

production of the libellulid population will be enhanced by the same

occasion and become valuable to fish as soon as capable of being

ingested by them,

Natural evolution toward the equilibrium between herbivorous

and carnivorous forms within the insect component of the community

will tend to change its species composition in the future years. Al-

ready in summer 1963, a great increase in abundance was observed
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for Corixidae, Notonectidae and Coleoptera. cau:btis was still

abundant, although its progressive decrease might start if the preda

tory species were able to build up. The check of part of the latter

(particularly Libellulidae) by the trout population as well as the yearly

draining of the pond might help save the Callibaetis population. Owing

to its great reproductive capacity (ovoviviparity; lifecycle completed

in a maximum of six weeks) and its wide limits of tolerance (15), this

organism so important as food for the juvenile trout has great chances

of being able to remain successful in the present environment

The need for future research at this impoundment, at Medco

Pond and in laboratory conditions, is evident. The basic physiology

of the nutrition of juvenile steelhead trout feeding on natural food is

unknown as well as its feeding ecology in a natural environment.

More data are needed concerning the population dynamics of the

main food organisms. The study of the lower part of the troutfood

chain and particularly its degree of utilization by the main compon

ents of the community would greatly help to provide better understand

ing of the factors involved in the production of juvenile steeihead

trout. Further research along these lines would also procure the

information necessary to evaluate the possibility of obtaining from

impoundment areas the optimum sustained yie!d by management

practices based on sound knowledge.




