QUANTITATIVE AND QUALITATIVE OBSERVATIONS ON
FISH FOODS IN WADDELL CREEK LAGOON!

P. R. NEEDHAM
U. 8. Bureau of Fisheries, Stanford Unwersity, California

ABSTRACT

Seasonal studies of bottom foods were made in Waddell Creek Lagoon in
1932, 1933, and 1934. Quantitative samples were taken both with an Ekman
dredge and a square-foot box. The numbers of organisms per square meter
and pounds of food per acre are based on recalculations of results obtained
from the unit areas sampled.

The most abundant bottom populations by weight were found in March,
and the least in November. Dominant animals were three crustaceans: two
amphipods, Gammarus confervicolis and Corophium spinicorne, and one iso-
pod, Exosphaeroma oregonensis. These are brackish water forms and almost
completely replace typical fresh-water forms in the inter-tidal areas in Wad-
dell Lagoon. Steelhead trout were found to eat large numbers of Gammarus,
considerably less of Ezosphaeroma, while no Corophium were found in the
stomachs examined. A summary of results is given at the end of the paper.

DescripTioN oF WADDELL CREEK

The food studies herein reported were undertaken as a regular part
of the program of the California Trout Investigations from 1932 to
1934. Detailed studies of the life history and habits of coastal-stream
steelhead trout and silver salmon had been conducted in Waddell
Creek, Santa Cruz County, California, since 1932. General observa-
tions suggested that lagoons of coastal streams served as good natural
rearing ponds for young steelhead trout and silver salmon prior to
their migrations into salt water. In fact, lagoons of coastal streams
were considered to furnish such excellent nursery and feeding grounds
for young trout and salmon that in 1932 the California Division of
Fish and Game closed certain lagoons to angling in the summer months
to afford greater protection to seaward migrants. More detailed obser-
vations seemed desirable to determine the seasonal availability of
each major lagoon food, the contribution of each food item by weight
compared to numbers of individuals, and the contribution of the vari-
ous organisms to the diet of trout.? A two-way fish counting weir was
constructed across Waddell Creek in 1933 about 1.5 miles above its
mouth and well above the upper limits of tidewater. The weir fur-
nished the means of counting all upstream migrants and a proportion
of downstream migrating salmon and trout. References made in this

Ipublished with permission of the Commissioner of Fisheries.

2The help of Mr. Francis Sumner, Mr. Elden H. Vestal, and of Mr. Leo Sha-
povalov in this work is gratefully acknowledged. Thanks are also given to the
California Division of Fish and Game and to Emeritus Dean of Engineering,
Professor Theodore Hoover of Stanford University, who supplied excellent field
laboratory and living quarters on Waddell Creek; to Stanford University for lab-
oratory and library facilities furnished on the Stanford Campus. The help of
W.P.A. Project No. 10,533 is also acknowledged.

REPRINTED FROM VOLUME 69 (1939) TRANSACTIONS OF THE AMERICAN
FISHERIES SOCIETY, INVESTPMEN}‘ BUIIJLDINA?, WASHINGTON, D. C. 1940.
rinted in U. S. A.




Fish Foods in Waddell Creek Lagoon 7

paper to the movements of those fishes are based on observations made
at this weir which was described by Taft (1934 and 1936).

From its upper reaches in the Santa Cruz Mountains, Waddell Creek
flows about 15 miles southwest into the Pacific Ocean at a point 22
miles north of Santa Cruz, California. Like other coastal streams,
Waddell Creek is subject to extreme seasonal fluctuations. In the dry
season of early fall the flow may diminish to as low as 200 gallons per
minute (0.45 cubic feet per second), while during the rainy season in
late winter and early spring a flow of 224,400 gallons per minute (500
cubic feet per second) is not unusual. The interaction of stream flow,
ocean tides, and storms have produced a sandy beach, or bar, which
extends for over 3,000 feet across the mouth of the creek where it
enters the ocean. ;

Lagoons offer a highly unstable environment for fish-food organ-
isms. High tide, or waves during storms, may raise the height of the
sand bar across the outlet, thereby increasing the depth and size of
the lagoon by impounding more water. Conversely, floods often cut
down the height of the bar at the ocean so that the normally quiet
water of the lagoon is replaced by a swiftly flowing stream. Swift
water does but little harm to lagoon populations in the wider, broader
lagoon areas. In narrow places, however, washing occurs, and collec-
tions taken in such places contained but few animals.

The point of entrance of the water into the ocean often changes.
The water usually enters the ocean at the south end of the bar. In a
single season, depending upon conditions, it may break through the
bar at several different points, each being closed in turn by wave or
tidal action. Floods pouring into the lagoon from the stream above
usually make the initial break in the bar. The mouth of the lagoon
usually does not remain closed more than three or four weeks at a
time.

High tides may reverse the normal direction of flow. Thus, aquatic
conditions in the lagoon will vary seasonally from pure fresh-water
through typical brackish-water lagoon conditions, to nearly pure sea-
water conditions. Lagoons contain rather amazing amounts of food
when these hazardous life conditions are considered.

The bottom of the lagoon is composed mostly of sand. Some gravel
usually is present, as are scattered masses of vegetable and animal
debris dropped out by flood waters. Superficially, lagoon bottoms have
a barren appearance but this impression is soon dispelled by sampling.

LAcooN TEMPERATURES AND FAUNA

Fifteen air-temperature readings taken in March and April, 1934,
during the course of the bottom sampling operations averaged 57.2°F.
Minimum and maximum temperatures were 45°F. to 61.5°F., respec-
tively. Fifteen water-temperature readings, taken at the same time,
average 57.5°F. and they ranged between 52°F. minimum and 61.2°F.
maximum. On June 30, 1933, a temperature of 74.5°F. was recorded




NOTES ON THE ECOLOGY OF THE MIDGE FAUNA (DIPTERA: TENDIPEDIDAE)
OF HUNT CREEK, MONTMORENCY COUNTY, MICHIGAN

LA VernNE L. Curry?
Central Michigan College of Education, Mount Pleasant, Michigan

Although invertebrate organisms inhabiting
trout streams have long been recognized as im-
portant items of fish food, little is known regard-
ing the genera and species of the true nema-
tocerous midges. In the past, reports covering
investigations on Michigan trout streams listed
many immature forms of insects identified to
genus and species. However, when considering
the Tendipedidae (= Chironomidae), the family

usually was divided into groups and the individual.

forms listed numerically. This method was em-
ployed because of insufficient knowledge of the
taxonomy within the group, especially of imma-
ture stages.

During the summer of 1952 a preliminary in-
vestigation of the family was conducted along
EHuntR@recl (R 298N RIS ections f 20 34 |
35, 36) Montmorency County, Michigan. The
work was undertaken to determine the specific
midge fauna of the stream in the vicinity of Hunt
Creek Experiment Station, to collect information
regarding the morphology and life history of the
various species collected, and if possible to obtain
data regarding the ecological relationships exist-
ing between the various members of the fauna
and the stream bottom as determined by the plant
associations of the adjacent stream valley.

The portion of stream studied was approximate-
ly two miles long and flowed in a general north-
easterly direction through state-owned land. The
terrain within this section (roughly three square
miles) was such that four distinct ecological sit-
uations were recognized. They were: beaver dam
impoundments; highlands; black spruce-white
cedar-tamarack swamp; and sedge-meadow
(marsh).

DESCRIPTION OF AREAS STUDIED

Hunt Creek holds a unique place among Michi-
gan’s smaller trout streams in that the brook
trout (Salvelinus fontinalis fontinalis) is able to
maintain a fairly large population within its waters.
The stream is essentially spring-fed, and is not
generally subject to flooding unless a beaver dam
washes out, or an excessively heavy rain occurs.
The stream receives comparatively little runoff
water.

* Contribution from Michigan Institute for Fisheries
Research.

" Hazzard (1949).

Due to the origin of the water within : the
stream, its temperature remains cold in summer,
dropping into the low fifties at night even during
the hottest part of the summer. During the win-
ter the stream remains open throughout a major
portion of its length in the experimental area.
The beaver ponds and portions of Section “A”
(Fig. 1) freeze over in winter. Throughout:the
area trout display a slow growth rate as com-
pared to those from such streams as the Pigeon
and north branch of the Au Sable.

The soil of the ‘“highlands” is composed of
morainic materials, sand and gravel, while that
of the drainage basin is in general thin, light, and
poor.

The portion of Hunt Creek flowing within the
area of state-owned land has been divided into
sections to facilitate the study of creel-census re-
ports. The sections are designated as “Z,” “A,”
“B,” “C,” and “D” starting at the downstream
portion of the controlled area and extending up-
stream toward the headwaters (Fig. 1). Con-
crete weirs containing self-cleaning rotary screens
have been installed in the stream at the junction
of Sections “C” and “D,” and at the lower limits
of Section “Z”. The weirs enable the staff at the
station to study the migratory habits of the trout
within the stream.

Portions of the stream investigated have been
described by Ieonard (1940, 1942a, b), Shetter
and Leonard (1943), and Shetter, Clark, and
For convenience a summary
of the four ecological areas is given from these
researches. The botton deposits recorded dur-
ing this investigation are based on Roelof’s (1944)
classification of lake muds.

The beaver impoundments located in Section
“D” (Fig. 1) occurred in the upper reaches of
the stream and were bordered by two types of
vegetation. The ponds proper were located in
the center of a wide sedge-meadow rimmed with
a sparse growth of aspen on the higher ground.
The ponds were open and had no discernible cur-
rent even where the stream had narrowed to a
width of several feet. Toward the headwaters of
the stream the meadow narrowed abruptly and
was replaced by a white cedar-tamarack swamp.
The bottom deposit of the standing waters within
these areas was mainly muck and detritus. Sta-
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tion 1 was established in a pool at the foot of

the largest beaver dam (Fig. 1). The dam was
approximately 75 feet long and impounded the
water above the dam to a depth of about five feet
above the water in the stream below. The stream
directly below the dam ranged from 15-20 feet in
width, narrowing rapidly downstream to about
10 feet. The pool in which Station 1 was estab-
lished was about 4 feet deep, but, while collections
were being made at this site during the fall, the
beaver constructed a new dam downstream and
increased the depth of water to almost 5 feet.

Station 2 was also established in Section “D”
(Fig. 1) directly below an old wooden bulkhead
constructed by the CCC as a stream-improvement
structure. The stream at this point was typical
of that found in the “highlands,” being about six
feet wide with a swift current and flowing over a
clay ledge. Immediately downstream a riffle was
formed by rubble and gravel.

The fall of the stream between the C-D and A-Z
boundries (Fig. 1) has been estimated to be ap-
proximately 25 feet. This gradient imparted a
current of 1.5-2.5 feet per second in the upper
reaches of Section C. Below Station 2 the stream
followed a narrow channel between high, sandy
banks supporting a growth of aspen, birch, and
balm-of-Gilead. The bottom throughout this area
was mainly fine and medium gravel.

Deflectors have been established for stream
improvement along the course of the stream (Shet-
ter, Clark, and Hazzard 1949). They were con-
structed of logs and rough lumber and secured
into the bank and stream bottom by piling. Be-
hind these stream improvement devices the bottom
differed considerably, being formed of silt and
detritus. This change was especially evident where
the stream flowed through the marsh and cedar
swamp.

The portion of the stream designated as Sec-
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A DRAG-TYPE RIFFLE-BOTTOM SAMPLER

Robert L, Usinger and Paul R. Needham
University of California
Berkeley, California

IN THE COURSE OF WORK performed
for the California State Water Pollution
Control Board in 1953 and 1954, it be-
came necessary to develop a new type of
stream-bottom sampler. As this piece of
apparatus may be of interest to limmnolo-
gists and others concerned with stream-
bottom sampling, it seems desirable to
publish a description of it at this time.

The most serious objection to such
sampling devices as those reported by
Needham (1928), Surber (1937), Wilding
(1940), and Hess (1941), is that their use
is restricted to water of depths less than
an arm's length, The drag-type sampler
(figure 1) was therefore designed to take
samples from riffles at any depth. The
new sampler is similar in principle to
certain marine dredges, but it is much
smaller and is adapted in various ways to
stream conditions. It was devised in con-
sultation with Dr. G. Dallas Hanna and
was made in the instrument shop of the
California Academy of Sciences.

Description of the Sampler

The drag-type sampler consists of a
rectangular iron box, which operates on
either side, with bars on the open face to
exclude large rocks and trash. The tines,
which dig into the rock and gravel of the
bottom, serve the same purpose as the
fingers of operators of the shallow-water-
type samplers. The current sweeps the
organisms into a net, just as in those
samplers.

The net bag is removable and can be
opened by means of a zipper to take out
organisms, The net bag may be made of

42

any strong material. In our tests nylon
net or 24-mesh silk bolting cloth was used.
Mesh of the latter size is about as fine as
can be safely used. The net must permit
a good flow of water and at the sarhe time
retain minute organisms such as midge
larvae and pupae, simuliids, or others. A
canvas sleeve is provided to protect the
net. Care should be taken at all times to
see that the protective skirt covers thenet.

Discussion

The new sampler, like others referred
to here, will not work in still or very
slowly moving water. Sampling can be
done from the middle of a riffle, from a
prominence on shore, or even from a
bridge above a stream. Difficulty was en-
countered in sampling from high bridges,
but this may be overcome by adjusting
weights on the sampler and weighting the

" line several feet in front of the sampler.

Several difficulties have arisen in using
the new sampler., One disadvantage is
that it will not take satisfactory samples
in mud or sand and will not work on bed
rock. Another disadvantage is that the
net, although protected by a canvas sleeve,
tears easily under the rough treatment to
which it is inevitably subjected. Sand
grains tend to interfere with the action of
the zipper, and for this reason it must be
rinsed thoroughly after each use. Care
must be taken to avoid catching the net
with the zipper. In large streams it is not
possible to wade very far from the shore
because of the depth and swiftness of the
water. The only alternative is to take the
samples in suitable shallow riffle areas

JANUARY 1956




where bottom materials are small enough
to permit the tines of the sampler to pene-
trate and stir up the stones as it is pulled
upstream. Obviously, the drag-type sam-
pler--or any sampler, for that matter--
cannot be used in stream bottoms where
large boulders compose the substrate.
The term '"large" here refers to stones or
boulders larger than a football, Still
larger boulders can often be used as plat-
forms from which to pull the sampler.

The type of riffle bottom in which the
drag-type sampler works most efficiently
is composed of stones smaller than grape-
fruit with coarse and fine gravel filling the
interspaces. In preliminary tests it has
been found that the drag-type sampler,
when pulled over 10 feet of bottom, takes
organisms in numbers and proportions
roughly similar to those taken by the
square-foot Surber Sampler.

Sampling Technique

The operator drops the sampler into
the current, open end upstream, holding it

by the bridle and attached rope. If the
current is sufficiently swift, it will aid the
operator by carrying the sampler down-
stream in preparation for pulling it the
required distance. If the sampling is per-
formed from a bridge and the current is
swift, the sampler may not settle properly
on the bottom. In this event, the extra
weights provided should be fastened to the
sampler.

The sampler should always be pulled
parallel to and against the direction of
flow, Samples cannot be taken with the
drag-type sampler crosswise of the cur-
rent or at right angles to the direction of
flow. When the pull is completed, the
sampler is lifted from the water with the
bridle and placed on some solid object in
preparation for removal of the materials
collected. The zipper is then opened, the
net is turned inside out, and the contents
are dumped into a bucket. The resulting
sample contains the usual sand, gravel,
leaves, and fine stones. The inverted net
end is swirled in the solution to dislodge

(Drawing courtesy of the authors)
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FIGURE 1.--Details of the drag-type sampler.
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VARIABILITY IN THE MACROFAUNA OF A SINGLE
RIFFLE IN PROSSER CREEK, CALIFORNIA, AS
INDICATED BY THE SURBER SAMPLER

PAUL R. NEEDHAM’ and ROBERT L. USINGER’

INTRODUCTION

In 1954, the authors designed a plan for a periodic biological sampling
program of the macrofauna of streams for the California State Water Pollu-
tion Control Board.' In the course of this study and after review of all per-
tinent literature dealing with the subject of stream-bottom sampling in its
qualitative and quantitative aspects, it became obvious that no thorough
study had yet been made of the normal variability expected in a single
riffle. This held true for both weights and numbers of each major group of
organisms present and also for total wet weight of all animals in the in-
dividual samples. Accordingly, it was decided that field tests would be con-
ducted to fill this gap in our knowledge of stream ecology. For the purposes
of the test it was decided to use the Surber Square Foot Sampler (Surber,
1936)." This sampler has had the widest use of any of the many types devised.

The Surber sampler is used under a great variety of conditions and for
various purposes at the present time. For example, it is used to determine
stream productivity as a basis for stocking policies for game fish; it is used
to study the foods available to trout and other fishes; and it is used as a
means of revealing pollution in streams. However, in none of these cases has
it been determined whether or not the method yields results which are
statistically significant.

The advantages of the Surber sampler are that it is small, light, easy to
carry, and secures samples from a definite area of stream bottom. Its chief
disadvantages are: 1) it can be used only in depths up to arms’ length; 2) it
can be used only in running water; and 3) it permits many organisms to
escape in swift water because of back currents at the mouth of the net. In
addition, the operator finds it difficult to avoid getting organisms from out-

! Received for publication June 2, 1955.

2 Professor of Zoology-Fisheries, University of California, Berkeley.

3 Professor of Entomology and Entomologist in the Experiment Station, Berkeley.

+ The statistical data from which much of the material presented here was derived are
now on file at the office of the State Water Pollution Control Board, Sacramento, Cali-
fornia.

5 See “Literature Cited” for citations, referred to in the text by author and date.
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side the square foot frame, since there is no barrier and rocks are almost
always disturbed in an effort to set the square frame firmly and evenly on
the bottom.

Other types of quantitative samplers are the square foot box sampler
(Needham, 1928) the circular square foot sampler (Hess, 1941), dragtype
sampler (Usinger and Needham, 1956), and the Ekman (1911) and Peterson
(1911) dredges. The latter two types are often used in deep water and soft
bottoms. The Peterson is also especially useful for sampling in weed beds.

Still another square foot sampler is the “basket” tray (Wene and Wick-
liff, 1940). It is a very simple device, but is practical only as a research tool
for evaluating the efficiency of other samplers. A square foot of quarter-
inch mesh screen with wire-stiffened, upturned margins and small side
handles is buried in the bottom of a stream in such a way that the normal
stream bottom is restored practically to its original state. This is much easier
to do in an intermittent stream when the bed is dry, but is possible in a per-
ennial stream. After a period of time the tray is lifted, and with it the square
foot of bottom with all associated organisms.

In spite of its limitations, the Surber sampler was chosen for the Prosser
Creek test because it has been used so widely in stream survey work.

Description of the Test

The place selected for the test was a broad and relatively uniform riffle
on Prosser Creek near Truckee, California, about one eighth of a mile up-
stream from the bridge on State Route 89. The riffle was roughly 30 feet wide,
and the test area was arbitrarily limited to 100 feet of stream. The bottom
was relatively homogeneous, consisting of small gravel and rubble that
ranged from particles the size of a pea to stones as large as a grapefruit,
intermixed with fine gravel and sand ; large rubble was lacking.

The cross-sectional area varied considerably from one side of the stream
to the other. On the south side (column 1, fig. 3) the stream bottom “feath-
ered” very gradually to zero depth. On the opposite or north side of the stream
where the samples in column 10 were taken, the bank was much steeper,
falling away to the deepest and fastest current within a short distance, as
shown in figure 1.

Within the sample area 10 vertical columns and 10 horizontal rows were
laid out (fig. 1). The resulting checkerboard was then set up as a Latin
Square experimental design so that 100 samples could be taken with no one
of the five men sampling more than twice in a single column or row. Sampling
was started at the downstream row of the riffle in order to avoid disturbance
to upstream areas. A stake was driven into the stream bed immediately after
taking each sample to mark precisely the point sampled. Two full days were
required to take the 100 samples, each man securing 10 samples a day.
Ideally, the 100 samples should have been taken simultaneously but this ob-
viously was not possible. The sampling technique is illustrated in figure 2.

The field test was conducted on July 1 and 2, 1953. Both days were sunny
with no overcast. The air temperature ranged from 66° to 79° F during the
test. Water temperatures ranged from 48° F at 10:00 a.m., July 1, to 58° F
at 4:40 p.m., July 2. The pH was 7.1 throughout the test. Shade was not a




April, 1956]  Needham and Usinger: Macrofauna Indicated by Surber Sampler

Fig. 1. General view of the test area on Prosser Creek near Truckee, California.

Fig. 2. Sampling technique, using the Surber square foot bottom sampler.
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factor since the riffle was fully exposed to the sun’s rays without bank vege-
tation adjacent to the area sampled.

The 100 preserved samples were picked, weighed, counted, and identified
in 3 months immediately following the field test. Picking was done with
forceps in a white enamel pan. Wet weights were taken by straining off the
alcohol, jarring the specimens onto blotting paper, and weighing after 1
minute of drying. Specimens were then sorted according to taxonomic groups
—down to the generic level for insects—and counted as they were placed in
vials, 1 vial for each genus.

TABLE 1

COMPARISON OF STREAM WIDTHS MEASURED AT ROWS 1, 5, and 10 AT
10:25 AM. AND 4:40 P.M. ON JULY 2, 1953

A.M., width in P.M., width in o8
: Inches
Row number increase
Feet Inches Feet Inches
| R O B B A AT A s i A 29 4 30 2 10
e A s e e i B S 26 6 27 9 15
(RS RS e b S R arei e B ‘ 24 0 24 9 9

Diurnal Fluctuations in Width

Because of alternate freezing and melting of snow at the head of the
Prosser Creek basin, the flow increased slightly in the afternoon of each of
the 2 sampling days. This is illustrated by comparing morning and afternoon
stream width at rows 1, 5, and 10 (table 1). Width increases ranged from 9
to 15 inches at rows 10 and 5, respectively. The greater increase at row 5 can
be attributed to the lower gradient of the south bank at that point in the
sampling area.

Depths in the Sampling Area

Increased afternoon flows, of course, caused parallel diurnal fluctuations
in both depth and current speed. Slight increases in depth are more difficult
to detect than increments of width because of the great variability in taking
depth measurements. Suffice it to say here that on the gentle sloping south
bank (column 1), depths at each of the 10 rows sampled ranged from 2.5
inches to 8.0 inches with an average of 3.0 inches (fig. 3). Because of insuf-
ficient current to wash organisms into the bag of the Surber sampler, it was
impossible to sample in shallower water. This would have been undesirable,
too, for the additional reason that data obtained by sampling areas inter-
mittently flooded and exposed each day would not be comparable to those
from permanently watered, deeper areas. The maximum depth recorded for
the 100 samples was 17.0 inches. A profile of the stream bed for each column
is presented in figure 3.

Current Speeds

Current speeds measured with a Gurley current meter varied from 0.7 of
a foot per second at the side of the riffle to 5.27 feet per second in column 6

o —
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near the middle of the riffle at the end of the day when, as pointed out above,
peak flows occurred (fig. 3).

The rate of flow was also determined by floating a chip down the center
of the riffle over the 60 feet of linear distance between rows 1 and 10 and
timing it with a stop watch. At 11:10 a.m., on July 2, the rate by the latter
method gave a velocity of 5.5 feet per second from the average of 10 tests.
At 3:05 p.m. on the same day, a velocity of 5.3 feet per second was de-
termined, or 0.2 feet per second less than that obtained in the morning.

18 : l 9
16 | l =S
Flow
{ar= direction Al
©
{ =}
6 o
o 3
S @
2o} 158
c ©
o £
=8 e
Q
(@) 2
e e
4 + \\\ -2
/’ e \\\\\
2= i W1
/7 \
75 N\
ly
0 ] | I ] | | it (0]
I I m JAVA AVE WAL AVARL o avanng o Die e
(South bank) Column number (North bank)

Fig.v 3. Water depths and velocities, Prosser Creek, California, recorded
across Row 10, July 2, 1953, between 9:45 and 10:45 a.m.

Questions to be Answered

As an aid in interpreting previous stream-sampling data and as a guide to
future sampling, an attempt was made to find answers to the following basic
questions about a single relatively uniform riffle:

1. How many samples are necessary to give statistically significant (95
per cent level) figures on the total number and weight of organisms
present?

2. How many samples must be taken to insure getting at least one of each
of the groups of organisms present in a single riffle ?

3. How much individual variation is there between persons taking the
samples ?

4. What correlations, if any, exist between types of organisms and the
ecological factors of width, depth, speed of current, and type of bottom ?




Hilgardia [Vol. 24, No. 14

Results

Data on wet weights in grams, total numbers of organisms, depths, and
persons who took the samples are given in table 2. The initials of operators
stand for Weidlein, Usinger, Jones, Brock, and Helm. Table 2 also shows the
Latin Square design with vertical columns and horizontal rows. The direc-
tion of flow is from row 1 to row 10. Samples were numbered consecutively
from 1 to 100 as taken, beginning with the lower lefthand corner and pro-
ceeding across to the lower righthand corner, then back to the left side in row
9 and across to the right, et cetera. (See table 3 for detailed counts according
to numbered samples.)

Total Numbers and Weights of Organisms. The statistical analyses re-
vealed that for the whole test, 194 samples would be required to give sig-
nificant figures on total weights of organisms, and 73 samples would be
necessary to give significant figures on total numbers at a 95 per cent level
of significance. The greater variability of weights of the individual samples
compared with numbers is further indicated by the coefficients of variation.
These were 0.78 for weights and 0.56 for numbers. Obviously no fishery
biologist, ecologist, or other investigator would have either the time or the
energy to take 194 or 73 samples from any given riffle. We then can conclude
from these data that purely quantitative routine sampling in streams to de-
termine weights and numerical data is impractical. Wet weights ranged in
variation from a low of 0.015 gram (sample no. 8) to a high of 2.31 grams
(sample no. 95) with an overall average of 0.575 gram. Total numbers in
each sample varied from 2 (sample no. 8) to 198 (sample no. 44). The aver-
age number was 75.7.

Number of Samples Required to Insure Representation of Each Group of
Organisms. While total weights of organisms showed tremendous variation,
the frequency of occurrence of the abundant or common kinds or groups of
organisms was much less variable. For this reason and because weighing of
a sample is far more laborious than counting, only the numbers of the
common genera were used in the course of the detailed analysis of the Prosser
Creek results. Total counts for each genus (or higher group) in each sample
are given in table 3. For purposes of this analysis, groups of organisms which
were represented by very low densities were excluded. A list of the common
groups is given in table 4, together with the approximate number of samples
required to insure getting at least 1 representative of each group.

The groups for which small numbers of samples are required, all belong-
ing to the Plecoptera, Ephemeroptera, Trichoptera, and Diptera, were repre-
sented by large numbers of organisms and were therefore appropriate for
statistical analysis. Of these, only the Plecoptera genera Isogenus, Isoperla,
and Alloperla followed a Poisson distribution. The lack of fit of the other
groups merely requires that the binomial distribution be applied. In table 4
a collective figure is given for the whole order after the genera contained in
the order.

Sample calculations are given below for both Poisson (Alloperla) and
binomial (Brachycentrus) distributions. In both cases it is assumed that there
was complete independence of samples.
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TABLE 2
LATIN SQUARE DESIGN OF THE PROSSER CREEK TEST*

‘ Columns

Rows | BB ) Vo P A TN ) Dot U0 A Vo £ o 20 920 (9N g
I T T T v VI v v Ix X
ol o] el ] el ol ] sl | o
o 82 | 135 | 163 63 | 163 T | 74 | 53 84
3” 8 | 120 | 1287 | 11v | 1457 | 14 6” 9.5" | 9
W U J B H W J B H
el el aeml et et ml oA
T e 114 41 s | 54 2 | 140 57 | 144 29
4" 6" 8" | 107 | 135 | 14 | 13" | ws| 11r | 107
U 3 B H W U J B H W
sal sl @l aml il osb owmwml om] e
Gk 64 58 | 115 | 158 53 31 33 74 33 37
4" 7o | e | e | o | o | o1 | 120 | 13 77
J B H W U J B H W U
ool el o sl el ] sl el s o
o 95 95 | 168 61 45 55 | 132 34 52 45
357 | 857 | 147 | 14 | 1w | 16.57| 1557 14 9" 7.5"
B H W U I B H W U J
ol @l e sl el el
it 76 75 72 8 80 | 110 92 60 66 59
® sl ol e e | | el e | e | 6.5" |
gﬁ H w U J B H w U J B &
& = o -
sl | Sael awl el o oml o wms| om
gL 81 | 139 62 |16 |100 | 135 58 49 18 53
8" T o R B e o 9.5 | 7
W U J B H W U J B H
@l om| m|oaE s| 41| es| 9| 2| .
R 119 78 73 | 1908 03 56 32 24 47 |
37 65" | 8 | 127 | 1 | 14 | 16.57| 14.57| 13 8.5" |
U J B H W U J B H W
wloml oawl oawm) ol sl om0
R 128 | 131 | 188 84 95 42 23 47 31 54
35| 6 | 107 | 13* | f2r | 15.57| 200 | 20° | 15 6"
J B H W U J B H W U
A e or|t s s o 0 gesl e
0 e ke 72 |12 | 124 80 32 69 75 29 12 43
35| 65| 907 11.07| 147 | 14» | 16" | 16* | 1* 6"
B H W U J B H W U j
e onanl el ol ol o wm e e
10 70 73 73 87 27 94 17. 2 28 28
95| 35| 6.0°| 9.07| 100°] 13.07| 17.5"| 18.0"| 17.0"| 9.5
H W U J B H W U J B

Direction of Flow |

* In each square from top to bottom is given, in order, the wet weight in grams of organisms, the number
of organisms, depth, and initial of the person who took the sample.
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TABLE 3

ORIGINAL DATA ARRANGED ACCORDING TO SEQUENCES OF SAMPLES IN
THE LATIN SQUARE EXPERIMENTAL DESIGN

Sample | Ny;
Genera By ExShakeen iy S31 S UL O TN S ' TR NI
(or higher groups) ‘ ‘ | | | e
it 2 3 4 5 6 ‘ i 8 9 (10 |11 (12 |13 |14 (15| 16 |17 [ 18 | 19 | 20 ( 21 | 22 | 23 24
_— e e e e S e e o e e e s | i i s o e s R
Nematodes. ... ... s Rt R S s s S st o Pl et UL 2 R SRl R B B | [Srap sl Gl 1
OliE0Chaktes: w0 s e 3 Sdes| At ekl iy Sl oGBSl 200t 2 -l S RN ) Rt B e (ROl B0 R | v e N T :
Hydracarina. . . .. = Bl el B G R S R R e D e e S M R B e 1

Alloperla......... 4 4 1Y 1 e 1 1 2 1 2 Pl 2 2 i 4 Gl e 225

Isogenus......... 1| A P Bl e B e o B B s 21|l s S s e § S e W e O T 5
Nemoursa. i ) o e A e e ot Sk 6 T 5 o S 55 Sl e 0 Rk Gl At B B SOl el (S E 1B o IR T T 1
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TABLE 3
(Concluded)
Sample .
Genera At U R i .
or higher groups)
51 | 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 [ 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 [ 69 [ 70 [ 71 | 72 | 73 L
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Alloperla (Assume a Poisson distribution with n independent trials.)
A =mean number of organisms per sample
A = observed mean = 1.54

P (the probability that all n cells will be empty) =

e < .05
loge .05 —2.99573
n= 5 =
T A —1.54
=195
onimn —2

Brachycentrus (Assume a binomial distribution, i.e., n independent samples
each with the same probability (p) of having at least one representa-
tive in it.)

p (observed proportion of samples with at least one) = .58
1 - p = (proportion of samples without Brachycentrus) = .42
P (the probability that all n cells will be empty) =

(L p)it 0y
loge 05 —2.99573
B GealEED . - 86750
- 345
orn=4

From the figures in table 4 it is clear that 2 or 3 samples would be sufficient
to insure (at the 95 per cent level of significance) that at least 1 representa-
tive of each of the commonest genera of bottom-dwelling insects would be
present. At the ordinal level the required number of samples drops to 1 or 2.
In general the numbers for individual columns fall within the above ranges
but some are higher and some lower.

Personal Bias in Sampling. Data from four of the five samplers showed
no significant differences. The fifth person showed a consistent bias which
amounted to the equivalent of sampling 1.57 times the area covered by the
other samplers. Presumably he did not follow directions, but consistently
included rocks outside of the square foot outlined by the frame of the Surber
sampler. The fact that four persons obtained such parallel results indicates
that it is not necessary to have the same man take every sample. On the other
hand, the deviation by one sampler clearly demonstrates the necessity for
adequate training in sampling techniques. A correction factor was used to
reduce both weights and numbers to the corresponding norm obtained by the
other four samplers.

Row and Column Effects. Analysis of the data on total numbers and
weights revealed no significant row effects. The differences between row
means could be attributable to chance variation. Column effects, however,
were highly significant. Even when depth and velocity effects were taken out
to a first approximation (linear or a grouping) there still remained sig-
nificant differences between column means. The biological reasons for the
cross-sectional distribution of various genera presented in figures 4 to 22 are
not known. One explanation might be that most aquatic organisms (note
Rhithrogena, figure 10, and Glossosoma, figure 14, for striking exceptions)
find conditions more to their liking in shallow water, where the velocity of
flow is slower and general living conditions less rigorous, than in deeper,
faster water. Needham (1928), in discussing the distribution of bottom foods




April, 1956]  Needham and Usinger : Macrofauna Indicated by Surber Sampler 395

in terms of stream width, found a general decrease of 11.9 per cent by weight
from shorelines to midchannels of streams over 18 feet wide. Leger (1910)
indicated a decrease of 50 per cent in food organisms from the shoreline to
midchannels of streams over 5 meters wide. The latter work was done in the
streams of southern France.

Correlation Between Types of Organisms, Depth, and Velocity. Striking
correlations were found with depth and speed of current. Depth and velocity
followed a similar pattern, being lowest in column 1, building up gradually
to a peak in columns 7 and 8, and dropping off rapidly to column 10.

TABLE 4
NUMBER OF SAMPLES REQUIRED TO BE REASONABLY SURE
(95 PER CENT) THAT AT LEAST ONE OF A GROUP
OF ORGANISMS IS PRESENT

Organisms Number samples
required
Alloperlal iz stiiees e S el e s 2— 3
Isogenus..... 10 — 15
Isoperla............. v 12 — 17
PLECOPTERA 2
Boaetisi: . 2013
Cinygmula, o
Rhithrogena... 2
Tronean s ds 2
Ephemerella............ 2
EPHEMEROPTERA... S 1— 2
Gllossosoma: i el n i 5 i A 2— 3
Hydropsyche. : ol S 6— 9
Brachycentras, it s e R Fi f ny s 4— 5
Eepidostomaryrat v b Ruasbmi Tl S s s iad ? 3— 4
Rhyacophila...... 9 —13
TRICHOPTERA.. 1
Simuliidae........... 3
@hironomidae$te  NINEREETY 2
DIPRER A it Sv el etag de s 1

Rhithrogena (fig. 10) followed this pattern exactly, indicating a definite
preference for deep, fast-flowing water. On the other hand, Alloperla (fig.
4), Isoperla (fig. 6), Cinygmula (fig. 9), Ephemerella (fig. 12), Hydropsyche
(fig. 15), Rhyacophila (fig. 18), Brachycentrus (fig. 16), and Lepidostoma
(fig. 17) showed almost exactly opposite patterns with higher numbers in
the shallower, slower water and lower numbers in the deep, swift waters of
columns 6 and 7. The remaining genera did not show consistent trends in
their distributional patterns.

Members of the order Trichoptera present a special problem in quantitative
sampling of stream beds because some genera are free living whereas others
are case-bearers. The question here is how many samples would be required
for an investigator to be reasonably sure of getting at least 1 of the case-
bearing forms as compared with the number required to get at least 1 of the
free-living larvae? The figures for the Prosser Creek test are: 2 samples for
the case-bearers and 6 to 13 samples for the free-living forms.
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Conclusions

The Prosser Creek test showed conclusively that an excessive number of
samples would be required to provide significant data on total weights and
total numbers of bottom organisms. As noted above, the figure for total num-
bers was 73, and this was for a single, relatively uniform riffle. Such a con-
clusion is not surprising, although the figure is higher than most limnologists
would have guessed. These results indicate that existing data on stream
productivity must be used with caution. However, they also show that only 2
square foot samples are necessary to be reasonably certain of obtaining
representatives of the principal groups of organisms present. This is im-
portant in connection with stream-pollution surveys, where the total spec-
trum of groups of organisms is more significant than total weights or num-
bers (Patrick, 1949).

Summary

1. Using the Latin Square experimental design, 100 bottom samples of
macrofauna were taken in a single riffle in Prosser Creek near Truckee,
Nevada County, California, with the Surber Square Foot Sampler, on July
1 and 2, 1953.

2. The samples were preserved in 70 per cent aleohol in the field, after
which the organisms were sorted from the trash, and total wet weights of each
determined. Sorting and counting were carried to the generic level where
possible.

3. Actual wet weights varied from a-low of 0.015 gram to a high of 2.31
grams and averaged 0.575 gram of organisms. Numbers varied from 2 to
198 and averaged 75.7 per sample.

4. Statistical analyses of the data revealed that 194 samples would be re-
quired to give significant figures (95 per cent level of confidence) as to total
wet weight of organisms, and 73 samples would be necessary to give signifi-
cant figures as to total numbers. The coefficients of variation were 0.78 for
weights and 0.56 for numbers.

5. It was found that 2 or 3 samples of the commonest genera of Plecoptera,
Ephemeroptera, Trichoptera, and Diptera would be sufficient to insure that at
least 1 representative of each would be present.

6. Consistent results were obtained by four of the five persons who took
the 100 samples; therefore, with proper training, it is unnecessary to have
the same man take every sample.

7. No correlation was found with type of bottom but striking correlations
were observed with depth and speed of current.

8. The bulk of genera of aquatic insects indicated a definite preference for
shallower, slower water although some, such as the beautifully streamlined
Rhithrogena, preferred the deepest, swiftest water.
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Fig. 4. Alloperla, mean numbers per unit area and upper and [
lower 95 per cent confidence limits.

Fig. 5. Isogénus, mean numbers per unit area and upper and
lower 95 per cent confidence limits.

Fig. 6. Isoperla, mean numbers per unit area and upper and
lower 95 per cent confidence limits.
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lower 95 per cent confidence limits.
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lower 95 per cent confidence limits.

Fig. 11. Iron, mean numbers per unit area and upper and
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lower 95 per cent confidence limits.
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Fig. 17. Lepidostoma, mean numbers per unit area and upper and
lower 95 per cent confidence limits.

Fig. 18. Rhyacophila, mean numbers per unit area and upper and
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Fig. 19. Trichoptera, mean numbers per unit area and upper and

lower 95 per cent confidence limits.
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lower 95 per cent confidence limits.




April, 1956]  Needham and Usinger : Macrofauna Indicated by Surber Sampler

= Fig. 21

Mean {4.I2

»
E
L0
=
o
o
~
o
“-
)
~—
@
o
E
=
{ =
(=
o
[
=

Mean{9.3l

Columns

Fig. 21. Chironomidae, mean numbers per unit area and upper and
lower 95 per cent confidence limits.

Fig. 22. Diptera, mean numbers per unit area and upper and
lower 95 per cent confidence limits.




The Small Stream as a Laboratory Project:

Bottom Fauna'

ANDREAS A. PALOUMPIS and KENNETH D. CARLANDER

Department of Zoology and Entomology
Towa State College, Ames

A. Introduction

A small stream located near the school can
serve effectively as a “laboratory” in the study
of the biological sciences. Most schools have
one or more small streams within relatively
easy access.

Students can usually recognize more quickly
the adaptations which aquatic animals have
than the adaptations of the more familiar ter-
restrial animals. Study of aquatic animals is
thus a particularly effective method of teach-
ing ecology or the relationship of animals to
their environment. The study of a small stream
can assist the instructor in teaching about
animal communities, soil erosion and pollution.

It is not possible to deal with all phases of
stream life in one article, and therefore, this
article discusses only the animals that live
in or on the bottom of a stream.

B. Material and Methods

Very little special equipment is needed to
study the bottom fauna of streams. Many of
the organisms may be collected and observed
by merely picking up stones from the stream
bottom. A pair of forceps is of great help in
picking animals from the rocks because
many of the animals are small and flattened
agaiiist the rock surface or in crevices where
they cannot be picked out with the fingers.
The animals can then be placed into a pan,
glass jar, or aquarium for observation. Closer
examination under a hand lens or the lower
power of a Inicroscope is often desirable. An
hour’s collection from the stream bottom can
easily provide material for three or four hours’
profitable study in the laboratory.

More can be learned about the relationship
of the aquatic animals to their environment if

'From Project 38 of lowa Cooperative Fisheries
Research Unit sponsored by the Towa State Conser-
vation Commission and the Industrial Science Re-
search Institute of Iowa State College.

quantitative methods of collection are used.
Then the numbers and kinds of organisms on
one type of stream bottom can be compared
with the numbers and kinds on another stream
bottom. Or the life in pools can be compared
with that on riffle areas. The “productivity”
of areas can be evaluated. Equipment for
quantitative collection can be very easily ac-
cumulated and made.

The important feature in quantitative col-
lections is the capture of all organisms from a
measured area of bottom. A simple, efficient
sampler can be made with a section of stove
pipe. The stove pipe is pressed into the stream
bottom thereby measuring the area. The sand,
mud and water inside the stove pipe are then
dipped out with a tin can or cup and placed
ina pan so that the bottom organisms can be
picked out. Only the top 3 inches of the
stream bottom need to be taken since few
organisms burrow that far. The mud and fine
sand can be separated from the rest of the
sample before picking the organisms by sifting
the sample in a box with fine screen on the
bottom. Brass screen with 30 meshes to the
inch is usually used in research investigations.
A larger mesh, such as copper window screen,
will catch the larger animals and permit more
rapid examination of the sample.

Quantitative sampling of rocky bottoms is
more difficult. A satisfactory sampler can be
made from two metal frames, each one foot
square, hinged so that they are at right angles
to each other. The vertical frame has a bag
net of 000 XXX bolting silk or of fine mesh
nylon netting. Canvas or muslin is stretched
on each side across the angle formed by the
two frames to prevent organisms from wash-
ing out rather than through the net. The
sampler is placed with one frame marking off
one square foot of stream bottom and with the
other frame and net on the downstream edge.

Reprinted from The American Biology Teacher, Vol. 18, No. 5, May, 1956.
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% S Anfenna

) -~ Ocellus

— -~ Compound eye

Anal gill

(Modified

Ficure 1. Generalized stonefly nymph.
from Pennak, 1953).

The rocks within the sample area are then
scrubbed (an ordinary kitchen scrub brush
works well) under water so that the organisms
wash into the net. The other materials within
the sampling area are also stirred up to a depth
of three inches. This sampler can be used only
in shallow, flowing water, but it picks up
many forms which might otherwise be missed.

If many quantitative samples are collected
for comparative studies, the screened materials
or the picked organisms may be placed in jars
and preserved with 1 part of concentrated
formalin to 9 parts of water.

At least three types of analysis are desirable
in comparing the fauna of different areas.
First, the various kinds of organisms in each
habitat should be listed. Second, the number
of organisms of each kind per square foot-
sample should be determined. Some habitats
have only a few species of animals but large
numbers of individuals. Since the organisms
vary greatly in size, a third analysis is neces-
sary if the “productivity” of areas is to be
compared. A simple method is to determine
the volume of the organisms found per square
foot sample. A graduate is half-filled with
water and the volume of the water recorded.
The organisms from a sample are then placed

May, 1956

- Antenna

—-. Compound eve

S e Cerens

Median caudal
filament

Ficure 2. Generalized mayfly nymph.
from Burks, 1953).

(Modified

on a paper towel for about one minute and
then dropped into the graduate. The increased
volume in the graduate is equal to the volume
of the organisms. A graduated centrifuge tube
gives more accurate measurements than a
larger graduated cylinder if the total volume
of the organisms is small.

In trout stream investigations, less than 1
cubic centimeter of organisms per square foot
sample is taken to represent an unproductive
area. Over 2 cubic centimeters per square foot
usually means good production of trout food.

C. Principal Bottom Organisms and their
Habitat Preference
The types of organisms which inhabit
stream bottoms are many and varied and not
all forms will be found in any one habitat

type.
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AN EXPERIMENTAL PLANT OF THE
SMALL CRUSTACEAN MYSIS

By: W, D, Klein

In 1951 Dr. R. W, Pennak, of the Biology Department at Colorado Uni-
versity, suggestad that the importation of Mysis was feasible and would probably
Improve the food chain for trout in some of the deeper Colorado Mountain lakes
where good oxygen conditions prevailed at all depths. Since the possibilities of
improving environmental conditions for trout in lakes of the type mentioned are
extremely limited, it was deemad acvisable to take advantage of the possibilities
of improving the food chain for trout by importing Livsis on an experimental basis,

Mysis are large plancters that reach a ength of about 3/4 of an inch, They
are known to be an importent source of food for lake trout in particular and likely
would be fed upon by other species of trout and kokanee. Thae Mysis exhibit - -

- extensive daily vertical migrations. At dusk they migrate into the surface
waters and at dawn the animals move into 2 narrow layer of water just above the
lake bottom,

With the cooperation of the Minnesota Department of Conservation Mysis
were obtained from Clearwater lake in Northeastern Minnesota and planted in
lower Twin Lake near Leadvilie on October 3, 1957,

J
If the plant is successful it will likely be several years before Mysis
become sufficiently abundant in Twin Lake to be detected. They will probably
be detected in trout stomachs before becoming abundant enough to collect by

sampling devices.
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Profiles and Biology of Western European
Streams as Related to Fish Management '

MARCEL HUET

Director, Belgian Waters and Forests Research Station and Lecturer at the University of Louvain

ABSTRACT

In the running waters of temperate Western Europe there are four main biological
zones, each of which is characterized by a distinctive fish fauna. These are designated;
(1) trout, (2) grayling, (3) barbel, and (4) bream zones. They are related basically to
longitudinal section (slope of the stream bed) and to the cross section of the stream
and its valley. The physical and biological characteristics of these zones are discussed to-
gether with the concepts “slope-rule” and ‘“‘slope-graph”, which express these relation-
ships, and which have proven useful for evaluating and comparing running waters and
for estimating fisheries potentials of streams from topographic information.

INTRODUCTION

In Western Europe, as elsewhere in the
world, standing fresh waters, such as lakes,
ponds, and marshes, have been the subject of
many researches; but there has been much less
study of running waters. The present paper
deals with the streams of western Europe and,
for the most part, summarizes information
gathered by the author concerning them.

In these streams it has long been recognized
that there are four main—and usually quite
distinct—biological zones each of which has
a characteristic fish fauna with a diagnostic or
“key” species of fish. Principal emphasis in
the present paper is on the relationships be-
tween the biological zones of the streams and
the physical nature of the water course; espe-
cially its cross and longitudinal sections. These
relationships have been of great use in fish
management in Western European streams and
undoubtedly have potential use elsewhere.

FISH FAUNAL ZONES IN STREAMS

The usual sequence of the fish faunal zones
from headwaters to mouth of Western Euro-

*Address at the 88th Annual Meeting of the
American Fisheries Society at Philadelphia, Septem-
ber 1958.

pean streams is: (1) trout (Salmo trutta)
zone, (2) grayling (Thymallus thymallus)
zone, (3) barbel (Barbus barbus) zone, and
(4) bream (Abramis brama) zone. In the two
lower zones, which are characterized by cy-
prinids (Zones 3 and 4), the barbel and as-
sociated fishes are most common in those

waters with moderate cutrent and flow (Zone
3). The bream and associated smaller cyprinids
are usually fishes of quicter waters (Zone 4)—
somewhat as is the golden shiner (Nosemigon-
us chrysoleucas) in North America.

The zonation evident in the fish fauna is
mostly the result of stream gradient which
affects both water temperature and rapidity of
current. There are, however, many other char-
acteristics of streams which are related to
stream gradient and which, directly or indi-
rectly, affect fish: such characteristics as the
physical nature of the stream bottom (espe-
cially soils), composition of the aquatic flora
and abundance of aquatic plants, and the com-
position and size of the populations of bottom-
dwelling invertebrate animals (bottom fauna).
The effect of stream gradient and current upon
distribution of fish in streams has been noted
both in Europe by Leger (1945) and in North
America by Trautman (1942).

Reprinted from Volume 88 (1959), Transactions of the American Fisheries Society.
Published 1959. Printed in U.S.A.
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The four icthyological zones occurring in
European streams really represent two faunistic
regions: an upper salmonid region of cooler
waters (trout and grayling zones) and a lower
cyprinid region of warmer waters (barbel and
bream zones). However, from the point of
view of stream gradient and rapidity of cur-
rent the trout, grayling, and barbel zones can
be grouped, for they are all zones of rapidly
flowing waters that are characterized by rheo-
philic fishes. In contrast, the bream zone is of
waters with little or slow movement and the
fishes associated with the bream in this lower
zone are predominantly limnophilic. Faunistic
relationships and the principal species of fish
in the four zones are shown in Table 1.

The physical characteristics of the four stream
zones are as follows:

Trout Zone

Waters of the trout zone are cool brooks,
creeks, and rivers with steep gradient and ra-

MARCEL HUET

pid, sometimes even torrential, flow. The water
is always well oxygenated. Summer water tem-
peratures rarely exceeds 64°F. The stream
bottom is most often rock, boulders, or pebbles
but is sometimes gravelly or sandy. The water
varies considerably in depth but is often quite
shallow. Stream width is also quite variable.
Along with the brown trout, which dominates
the fish population, are the sculpin (Cosius
gobio) and the minnow (Phoxinus phoxinus).
The physical characteristics of the trout zone
differ somewhat in high mountains, mountains
of moderate height, foothills, and coastal
plains; but the water is always cool and well
oxygenated. A typical stream of the Trout
Zone is shown in Figure 1.

Grayling Zone

The grayling zone is characteristic of rivers
and larger streams (Figure 2) that have rather
rapidly flowing water. Gradient is generally
less than in trout waters and the riffles and

TABLE 1—Occurence and relative abundance of principal fishes in gradient zomes of running waters of
temperate western Europe [Relative abundance of kinds of fishes is indicated by the number of asterisks]

-~

Stream zone Trout

Grayling

Barbel Bream

Fish fauna Salmonid' fauna

Mixed fauna,
salmonids’
predominating

Cyprinid fauna,
with predators

Mixed fauna,
cyprinids
predominating

#*#Trout

***Trout and
grayling

*Trout and
grayling

#*Running water
cyprinids®

*Running water
cyprinids®

***Running water
cyprinids®

* Accompanying
cyprinids’

#% % Accompanying

** Accompanying
cyprinids’

cyprinids®

* Accompanying
predators’

*%% Accompanying

#* Accompanying
predators®

predators®

# %% Still-water
cyprinids*

*#Still-water
cyprinids*

Salmonids—Brown trout (Sa@lmo trutta), grayling (Thymallus thymallus).
*Running water cyprinids—Batbel (Barbus barbus), chub (Squalius cephalus), hotu (Chondrostoma nasus).
3Accompanying cyprinids—Roach (Gardonus rutilus), rudd (Scardinius erythrophtalmus), dace (Leucis-

cus leuciscus).

“Still-water cyprinids—Carp (Cyprinus carpio), tench (Tinca tinca), bream (Abramis brama).
SAccompanying predators—Pike (Esox lucius), perch (Perca fluviatilis), eel (Anguilla vulgaris).
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PRODUCTION OF BOT TOM FAUNA IN THE
PROVO RIVER, UTAH

Arden R. Gaufin?

Department of Zoology and Entomology
Iowa State College, Ames

INTRODUCTION

Life is precarious in mountain streams and a fine degree of fitness
is necessary for those plants and animals found there. Constantly
changing from day to day, from month to month, and from season to
season, stream conditions offer a highly unstable and complicated
environment. Man has further accentuated the instability of this en-
vironment by his various activities. The seasons often bring sudden
changes in volume and velocity of water that wipe out whole aquatic
populations in a short time. The specialized conditions restrict the
number of animal and plant species very markedly. Indeed, in our best
trout waters—clear, cold, mountain streams, the larger aquatic plants,
upon which many aquatic invertebrates depend for their livelihood, are
practically eliminated by the current. The biota is further limited to
species that are either strong swimmers or have special structural
adaptations for clinging.

A striking feature of mountain streams is the rapid and abrupt change
of habitats. In a small area may be found all the extremes from a
vertical to a horizontal flow of water; from shallow, placid stretches
to deep, stone-lined pools. Animals and plants assemble in small
communities or biotic islands, often separated by barren areas kept
uninhabited by the severity of the current.

The Provo River is a typical mountain stream of the Intermountain
region and is well known for its trout fishing. Field investigations on
this river were initiated by the writer on September 15, 1946 and con-
tinued to May 28, 1949.

The general purpose of this study was to obtain a quantitative and
qualitative measure of the stream bottom invertebrates of the river as
potential sources of food for the trout populations present. Another
objective was to learn something about the life histories, habits, and
adaptations of the invertebrate inhabitatns of the stream. Various
physical, chemical, and biotic factors which influence the productivity
of a river were measured. Finally, since very few investigations have

1 Part of a thesis filed in partial fulfillment of the requirements for the
degree of Ph.D. at Iowa State College. This project was sponsored by
the Research Committee of the University of Utah and the Utah Fish
and Game Department.

2 Now Associate Professor of Zoology, University of Utah, Salt Lake
City, Utah.
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dealt with conditions existing in streams during the winter season,
special attention was given tothe determination of the ecological changes
occurring during that time of the year.

METHODS

In order to select sampling stations which would be representative of
the different sections of the stream the author spent the first tenmonths
of study conducting seasonal reconnaissance surveys of the entire river.
Information concerning the geology and topography of the drainage basin
was gathered. Collections of fauna and flora were made from as many
different habitats as could be found. Changes in water level and course
brought about by the multiple uses of the river for irrigation, power,
and recreation were determined.

In making qualitative collections of the fauna in the stream a Needham
hand screen sampler was found to be most useful. Hand picking of
nymphs and larvae from rocks, debris, and vegetation was also used
effectively on many occasions. Adults were picked from bridges, rocks,
and buildings or by sweeping the vegetation. The specimens collected
were preserved in vials of 80% ethyl alcohol and were later identified to
genus or species.

Following this reconnaissance phase of the project, nine major sta-
tions were selected in typical average sections of the stream from the
headwaters to its mouth. Chemical, physical, and biological data and
samples were taken at each station on a weekly basis from June to
September, 1947. Sampling and collecting of data were conducted on a
monthly basis during the following twenty-one months of the study.

The direction of flow and the stream gradientwere determined by use
of a surveyor's transit and stadia rod. The approximate altitude at each
station was obtained by reference to United States Geological Survey
maps of the region. Average widths and depths were determined by
actual measurements and by reference to stream bottom profiles and
staff gauges which were constructed at the beginning of the project.
Stream velocities were measured by timing the passage of floats over
one hundred foot sections at each station. The volume of flow was
determined by using the formula given by Embody (1927). The turbidity
and color of the water were obtained by means of a United States Geo-
logical Survey turbidity rod and glass color disk outfit. Air and water
temperatures were measured by standardized chemical thermometers.

All water samples for chemical analysis were takenbelow the stream's
surface with a 1.5 liter Kemmerer water bottle. Hydrogen ion concen-
trations were determined colorimetrically with a La Motte set, using
cresol red or bromthymol blue as indicators. The unmodified Winkler
method as outlined in Standard Methods of Water Analysis (1947) was
used for the determination of dissolved oxygen. Free carbon dioxide
values were obtained by titrating 100 cc. samples of water with N/44
sodium hydroxide using phenolphthalein as an indicator. Phenolphthalein
and methyl orange alkalinities were obtained by titrating a 100 cc.
sample of water against N/50 sulfuric acid using phenolphthalein and
methyl orange as indicators. The electrolytic content of the water was
determined by means of a Leeds and Northrop Soil Meter connected to




Habitat and Associated Fauna of Four Species
of Fish in Ontario Streams" *

By J. C. HALLAM3
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ABSTRACT

Four species of fish found in Ontario streams can be divided into two distinct groups on
the basis of habitat and associated fauna. Salvelinus fontinalis (Mitchill) and Cottus bairdi
Girard are found associated in cool source waters whereas Ambloplites rupestris (Rafinesque)
and Micropterus dolomieui Lacépéde occur together in warmer downstream waters. The
latter group has more associated species of fish than the former. Some invertebrates such as
certain stonefly and mayfly nymphs occur frequently with fish of one group and rarely with
fish of the other group. They may be useful as indicators of waters likely to be inhabited by
or suitable for the species of fish with which they are frequently associated.
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INTRODUCTION
SOURCES OF DATA

EACH SUMMER since 1946 the Department of Planning and Development of the
Province of Ontario has surveyed rivers in southern Ontario. Data from these
surveys, on which the author worked in the summers of 1950, 1951, and 1952,
were made available for this study. Data for Wilmot Creek, similar to that for the
above surveys, were collected under the auspices of National Research Council of
Canada.

DESCRIPTION OF WATERSHEDS. All the rivers and streams examined are in
southern Ontario and drain into the Great Lakes except for the South Nation River
which is a tributary of the Ottawa River.

The Ganaraska, Humber, Don, Wilmot, Mimico and Etobicoke are small
watersheds bounded on the north by either the Niagara cuesta or moraines of the
interlobate series or, in the case of the Humber, by both. The Humber River thus
derives water from both sources. The Ganaraska and Don Rivers and Wilmot
Creek originate in the interlobate moraines. Mimico Creek and Etobicoke Creek

‘Received for publication March 5, 1958.
*Based on a thesis submitted to the University of Toronto in partial fulfillment of the

requirements for the degree of Master of Arts.
2Author’s present address: 1472 Bishop St., Apt. 2, Montreal, Quebec.
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do not tap these main source areas but arise as drainage of the till plain. All these
rivers and creeks enter Lake Ontario at intervals which extend over about 80 miles
of the north shore in the Toronto region.

The Nith and adjacent Thames watersheds are similar to one another in some
respects. Although part of the source of the Thames River is in till plains and
moraines and that of the Nith River in clay plains, the upper ends of both tend to
dry up in summer. Many of their upper waters are now drainage ditches and the
land drained is agricultural and relatively low in contour.

The Speed and Saugeen Rivers flow southwestward on the inclined limestone
plain to the west of the Niagara cuesta. That portion of the Saugeen surveyed
originates from sources in this limestone and in the gravel moraines and kames of
the horseshoe series in the vicinity. It flows mainly in the spillways of the antecedent
glacial streams. The Speed, which drains the Guelph drumlin fields, also flows in
old spillways. A large proportion of these two watersheds is forested.

The Ausable River flows westward into the southern end of Lake Huron.
Most of its small headwater streams are now drainage ditches and the river is
characterized by heavy spring floods and low summer flow.

The Moira and Napanee river flow into the northeastern end of Lake Ontario.
Both have their headwaters in the region of Precambrian rocks of the Canadian
Shield and their lower course and southern tributaries of Paleozoic limestone.

The South Nation River is the only one surveyed which does not drain into
the Great Lakes. Its highest source area is located on a limestone plain northeast
of the eastern end of Lake Ontario and from this it flows northeastward across a
flat plain to the Ottawa River. Much of the South Nation dries up completely or
to standing pools in late summer of dry years. Its gradient of only 2.5 feet per mile
on the average, contrasts with that of the Saugeen, 9.5 feet per mile, and of the
Speed, 20.0 feet per mile.

The Holland River flows north into Lake Simcoe. It is notable for its sandy
source areas and its meandering downstream section in the Holland Marsh.

STREAM SURVEYS. Since most of the data presented in this study were selected
from data collected on surveys by the Department of Planning and Development a
short discussion of the purpose and methods of the surveys will be given.

The purpose of the surveys, as stated in the reports of the Department, was “to
make a preliminary examination of the waters of the drainage basins and to classify
them as to their present suitability for fish and secondly to make recommendations
for possible improvements.”

Prior to each summer’s field work, places were selected in the watershed to
be visited by the field crew. These “stations”, located usually where a road
crossed the river or stream, were as close as one half mile on small tributaries
and as far apart as three or four miles on large rivers. Stations were also located
above and below settlements on streams.

Information relating to conditions of the stream, both of the water and terrain,
along with biological data, was recorded for each station.

Aquatic organisms were sampled as follows: fish were generally caught by
one person using a six-foot seine although in large rivers other methods such as
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Chlorophyll and Productivity in a Mountain River!

WirLiam J. McCoNNELL

Institute of Marine Science, The University of Texas, Port Aransas, Texas
AND

WiLLiam F. SiGLER

Department of Wildlife Management, Utah State University, Logan, Utah

ABSTRACT

Chlorophyll was sampled on the shallow, rocky, canyon section of Logan River—a swift,
clear, calcareous mountain river in the Middle Rocky Mountains of northern Utah. Chlor-
ophyll extractions were made by immersing entire rocks supporting algae in acetone. The
average quantity of chlorophyll per m? of bottom of the canyon section of Logan River was
0.30 grams. Downstream supplementary stations supported 3 to 4 times as much chloro-
phyll as the canyon section. No significant difference existed between means of chlorophyll
samples in fall and late winter and between the upstream and downstream portions of the
canyon section.

Annual gross primary production equal to about 1.2 kg per m? was estimated from the
relation of chlorophyll to photosynthesis in light and dark jar experiments. A standing
crop of 25 grams of dry plant biomass per m? was determined from the chlorophyll dry weight
ratio of samples of the community. Average standing crops (dry wt.) of insects and fish
were 5 and 1.6 per cent, respectively, of the producer biomass or average standing crop of
algae. i

Production of chlorophyll on artificial substrata (concrete rocks) showed no close rela-
tionship with either insolation or water movement within the range of values encountered
in the Logan River.

INTRODUCTION of primary productivity under the foregoing
conditions. The relationship of photosyn-
thesis to chlorophyll content in planktonic
algae (Edmondson 1955, Ryther 1956b)
suggested this exploration.

In addition to the measurement of pro-
ductivity, the relation of chlorophyll to
standing crop of algae and the effects of
diffusion and insolation on chlorophyll
distribution were investigated.

The importance of current photosynthesis
in rapid rivers is, perhaps, greater than it is
in other aquatic habitats. Attrition due to
water currents is a constant process which

Investigation of primary production in
streams and rivers has lagged behind similar
investigations in marine and lacustrine en-
vironments. Recently, however, Odum
(1956) has demonstrated methods that allow
the estimation of productivity of most
moving waters. Odum’s method, unfortu-
nately, is not satisfactory for determination
of productivity in shallow, very rapid rivers
as typified by Logan River. In this kind
of environment the diurnal pulse in dis-
solved oxygen is caused primarily by
changes in the saturation value related to

diurnal temperature changes rather than by
accumulation and depletion of photosyn-
thetic oxygen. The investigation herein
reported was primarily an exploration of a
method possibly applicable to measurement,

! Based on a thesis presented by the first author
to the Department of Wildlife Management of
Utah State University in partial fulfillment of the
requirements for the degree of Doctor of Philos-

ophy.
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removes primary food material and carries
it away from the site of production. Brief
measurements of pseudo-plankton or stream
drift suggest that a large percentage of the
net product of photosynthesis is lost down-
stream. Nowhere on the bed of Logan
River is there evidence of important con-
servation of organic matter in the form of
muck or plant detritus. Although quanti-
ties of leaves fall into the river, terrestrial
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contributions are actually unimportant.
Little of the imported plant material reach-
ing the canyon section of Logan River is
arrested in downstream transport until it
reaches the 3rd impoundment (Fig. 1).
The food habits of the dominant fishes of
Logan River indicate a complete dependence
on aquatic insect larvae (Fleener 1951,
Zarbock 1951, Sigler 1951). Although the
food of many North American stream in-
sects has not been intensively investigated,
work on the food habits of closely allied in-
sects from British streams shows that algae
are an important food of the herbivorous
types (Badcock 1949, Jones 1949, 1950).
Provision of the basic grant (E-1435C) by
the National Institutes of Health of the
United States Public Health Service made
the research possible. William J. Clark co-
operated closely in the collection of most of
the physical and chemical data. Dr.
Francis Drouet identified reference collec-
tions of algae which were the basis for
identifications in routine algal collections.
We also thank the people at Utah State

Profile of Logan River showing gradients, stations, and sections referred to in the text.

University and elsewhere who provided
valuable suggestions and criticisms.

MATERIALS AND METHODS

Chlorophyll was extracted by soaking
rocks supporting algae in acetone. Bleach-
ing of the chlorophyll solution during ex-
traction was minimized by the use of closely
covered containers and extraction at low
temperatures. The magnitude of errors in-
troduced by bleaching, incomplete extrac-
tion, turbidity of extracts and varying water
content of extracts was assessed by supple-
mentary experiments. Appropriate correc-
tions were made (McConnell 1958).

Optical density of acetone chlorophyll ex-
tracts was measured at 664 mu with a
Bausch and Lomb ‘“Spectronic 20.” The
chlorophyll a equivalent to these optical
densities was determined by reference to the
relationship between optical density at
664 my and the 3 wavelength determination
prescribed by Richards with Thompson
(1952). This relation proved to be very
constant (Fig. 2).
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THE SALMON AND TROUT ASSOCIATION
London Conference, 1960

ELY. EIFE
by T. T. Macan

I HAVE been asked to talk about Fly Life and take the liberty of interpreting this
to cover all invertebrates, because all affect fish directly or indirectly. Invertebrates
have two functions in the eyes of fishermen:—

(1) They serve as models for the flies wherewith he catches fish;

(2) They serve as food for fish.

The fiest subject is better left to anglers and I shall confine myself to the second.

We wish, then, to understand the complex interaction of many species with each
other and with chemical and physical factors which produces a crop for fish to
feed on. :

The first thing to find out about any piece of water is what occurs in it, in other
words to produce a species list. Generally to a lay audience one must labour the point
that two species which look exactly the same except perhaps to a specialist may
behave differently and must therefore be distinguished, but to fly-fishermen this 1s
not necessary. On the other hand I find that not all anglers are aware how many
different species may be numerous in quite a small piece of water.

No one will attempt to compile a list without at the same time gaining some
idea of the numbers of the various species and if next, by weighing each species at
different sizes, he can answer the question how much? as well as as the question
how many? he is beginning to get information of value to the fisherman. When
he can go a stage further and state not merely how much there is today or was at
the beginning of the fishing scason or on the day his summer vacation ended but
how much is produced in the course of a year, he will be in a position to talk hard
business. The first step in any investigation of total annual production is study of
life histories; two species may be equally abundant on a certain date but, if one has
three generations in a single year and the other a single generation in three years,
their contributions to the fishes’ upkeep will be greatly different. Some are absent
for long periods of the year. A final important query 1s where? and, when I come
to it, I want to talk about the populations in different kinds of plants in one fishpond.

This 1s the path along which the fisherman would like to see the biologist plod-
ding his weary way and my intention is now to examine how far he has got. I hope
your verdict will not be that he has left the world to darkness.

2
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Lists of Species

Laymen are often surprised to learn that this first fence 1s still impassable at
places. The naming of species started with Linnaeus some 200 years ago and reached
its peak in the last century. In this one it has gradually fallen out of fashion and [
may remark that scientists are as much slaves to fashion as any lady buying an
Ascot hat. Although there are some that have not been revised for a long time and
others that have never been studied well, there is no group of animals that has
never been studied, but this is true only of adults, and in several groups the im-
mature stages, which are often the ones that concern the freshwater biologist, have
never been described. In 1938 Dr. H. B. N. Hynes started to work on the nymphs
of stoneflies at Wray Castle and a little later I started to do the same for the Ephem-
croptera. It took us both about twenty years to complete the task. Nobody has
done the same for the caddis larvae, though Dr. N. E. Hickin has described about
a quarter of the British species. Our inability to put names to these hinders all
kinds of research.

It 1s, therefore, not possible to complete the first stage of an investigation of any

iece of water and give a full list of the species in it, and even incomplete lists are

few. I have listed such as there are in a review that should appear next year (Macan
1961), and shall make no further observation except to comment that stony streams
have been the most popular pieces of freshwater for study and that the absence of
any sutvey of a chalk river is striking. The nearest approach to it is Berg’s (1948)
painstaking study of the Susaa in Denmark.

Life Histories

It always surprises me that, when I talk to people from the south, they refer to
scarcity of food in winter and abundance in summer, which is the reverse of what
we are familiar with in the north, as fig. 13 in Hynes’ (1960) recent book on
pollution shows particularly well. This observation serves to illustrate how little we
know about life histories and how important it is that we should know more. It is
something of an endless quest, for life histories of many species vary from place to
place according to temperature and other conditions and must be studied separately
in each.

Fig. 1 shows the life history of Heptagenia lateralis (Ephemeroptera), which is a
typical winter species of a type that predominates in the northern waters with which
I am familiar. Eggs start to hatch in the autumn, there is growth then and in early
spring though little at the coldest time of year, and the adults emerge in early
summer. The high temperatures of mid and late summer are evidently unfavourable
to this species which can, however, tolerate them in the egg stage. I deduce this
both from direct field observation and from a comparison of my findings (Macan
1957) with those of Dr. Janet Harker (1952) who worked on a stream that was a
few degrees colder than mine. In it Heptagenia adults continued to appear for
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Life history of Heptagenia lateralis. The fine line bounding the dotted area on the
left-hand side indicates the size of the largest specimen. The fine line on the right-
hand side indicates the size of the smallest specimen, and the thick line in the
middle indicates the size of the majority of specimens at any time. It will be noted
that, though the cgg-laying period is not longer than two months, from mid-May to
mid-July, some eggs are still unhatched at the beginning of the following April.

longer and the eggs hatched sooner, with the result that nymphs of two successive
years, always separated by a month or two in my stream, occurred together.

The field observations showed that Heptagenia lateralis was abundant in some
parts of small stony streams but scarce or absent in others. A correlation with temp-
erature seemed likely and, by a happy coincidence, 1959, with its record-breaking fine
summer, was the year chosen for the testing of this hypothesis. Maximum and
minimum thermometers were placed at various points and read at suitable intervals.
In the warmest stream, the outflow from a tarn, the temperature reached 28°C, in
the coldest it did not exceed 16°C. In all the places where the temperature was
18°C or below, Heptagenia was abundant; in warmer waters it was scarce or absent,
except in one stretch that was close to a densely populated cold one. Correlation be-
tween temperature and range is therefore good. but one anomaly 1s the abundance
of the species in Windermere, whose surface waters may exceed 20°C. However,
there is a difference between small streams and large lakes whose significance in the

resent connexion is difficult to doubt; streams reach in May a maximum little
below the highest of the summer, but Windermere 1s comparatively cool in that
month and warms up steadily throughout the summer. Evidently a temperature of
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about 18°C kills nymphs, but the eggs survive in water appreciably warmer than
that. ]

Fig. 2 shows the life history of Ephemerella ignita, a typical summer spectes for
which the cold season is the unfavourable one to be tided over in a resistant egg
stage. Presumably life histories of this type are the rule in southern waters and those
like that of Heptagenia rare, but there is little definite information. Incidentally
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Life history of Ephemerella 1gnita.

Epbemerella nymphs are to be found over a much longer period in southern waters,
but whether this 1s due to an increase in the number of generations in the year or
to a longer period during which the eggs hatch is not known. It has been established
in other groups that the number of generations increases with decreasing latitude.

Fig. 3 shows the life history of Baetis rhodani, which has a long over-wintering
generation and a shorter summer generation. In fact there is some overlap between
the two which has been omitted for the sake of simplicity. Working in Austria,
Dr. Gertrud Pleskot (1958) finds a gap of about two months between the two
generations and she believes this due to temperature unfavourably high to all stages
but the egg.

Some life-histories are much less easy to work out. Gammarns pulex, for example,
starts to breed at the beginning of the year and continues to breed until October.
Hynes (1955) has worked out that a female can produce nine broods in this time
and he has also calculated the total progeny possible. An animal of this kind is
obviously of great value in a stream that has been depopulated by a calamity, for it
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Life history of Baetis rhodani. The eggs laid by the adults of the summer generation
are natchmg from late August to-carly April, but the hatching reaches peaks of
intensity in autumn and again in ]anuary, which is why two thick lines are shown
for the overwintering nymphs.

will re-establish itself sooner than a species which takes one or more years to com-
plete a generation.

Some Practical Considerations of Numbers

Some years ago a forceful member of the committee of an angling club that had
a reservorr told me how he had persuaded the others that what was required to
improve the fishing was more snails. Accordingly a few thousand were purchased
and introduced. The number no doubt sounded impressive in committee, but I
calculated that it represented no more than the normal population of 15 square
yards, which was a good deal less than one thousandth of the total area of the
reservoir. I doubted if the money had been well spent.

According to the figures quoted by Berg (1948) there are 30 million Gammaras
in a mile of the Susaa and 600 million invertebrate animals altogether, not counting
chose that can be seen only with a microscope. I mention these figures because I

think that they may be of interest to anyone who is contemplating adding inverte-
brates to a river to improve the food for fish; he may be doing little more than the
equivalent of paying a lot of money for a bucket of water to pour into a stream
whose flow is not as copious as desired.
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Some Scientific Considerations of Numbers

To obtain a real picture of production, one should know for each species how
many eggs are produced, at what age cach larva that comes from them dies, and
what it weighs at the time of its demise. This is not easy and will not be achieved
until we have started our taxonomic work all over again and found methods of
identifying the eggs of cach species, which is quite likely to be possible. The only
person who has made a complete assessment of productivity is K. R. Allen whose
work on the trout in the New Zealand River Horokiwi 1s well known. A very
important point that he brings out is that the production by the very small forms
is considerable. For example, he calculated that 1000 fry would give rise to 10 Ib. of
trout fesh before the last survivor was dead; of this 10 Ib. no less than 334 was
produced by the 985 specimens which died before they were 6 months old (Allen
(1952) fig. 6).

It will be a very long time before we have information of this kind for every
species.

Occurence of Animals in different parts of a Tarn

One of the commonest questions that fishermen ask is what type of weed har-
bours most invertebrates, and it is clearly a point of great importance. It is not a
problem that has attracted the attention of scientists but I have been gaining some
relevant figures in a Lake District tarn or fishpond during the last few years. For
zoological purposes the vegetation can be divided into four types:

(1) Emergent—mainly Sedge (Carex).

(2) Floating-leaved—entirely Floating Pond Weed (Potamogeton natans).

(3) Sward—thick Littorella uniflora in the shallow water.

(4) Milfoil (Myriophyllum) all over the deeper parts of the tarn. The greatest

depth is about g feet and the total area about an acre.

[ shall consider first the range of certain species that are much commoner in some
parts of the tarn than in others and then the total number of animals. Holocentropus
dubins, a caddis whose larva makes no case but spins a net, is much more numerous
in the milfoil than anywhere else. Clocon dipterum is found in shallow water, whereas
Clocon simile occurs mainly in the milfoil in the deep water. I think that both these
species are known to fishermen as Lake Olives when they reach the flying stage.
Two small dragon-flies, one bright red and known as Pyrrbosoma, the other bright
blue and known as Enallagma, are, in the nymph stage, among the commonest
animals in the tarn. Pyrrhosoma 1s confined to shallow water, but Enallagma occurs
in the milfoil out in the middle as well and is very scarce in the sedge. Various species
of water beetles and water bugs are confined to the shallow water.

I have no idea why the caddisfly or the two Ephemeroptera are distributed as
they are, bug the occurrence of the dragonflies can be explained at once by anyone
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who watches them laying eggs. All who haunt the waterside will be familiar with
the way in which dragon-flies fly about in pairs, though perhaps not all know that
it 1s the male who leads and who appfxrcntly takes the important decisions. In fact
in the recent New Naturalist volume on the group it is related that one spec1e< will
petform the typical oviposition act even though the female be dead. However, in the
two with which we are now concerned the rcsponslbllmes of the male are less. A
pair of Pyrr/yosoma alight on a stem or a floating leaf of Pommogeton natans, and
the female then dips her abdomen into the water and inserts her eggs into the stem
or stalk as far down as she can reach without getting her wings wet. Ov1p051t1on
completed, the pfur Hy away. Enallagma may also be seen alighting on emerging
stems but, if the air is still, many fly over the middle parts of the tarn and alwht
ottl thie infsesbetiest of il swhich project but half an inch or so above e
surface. The female immediately starts to walk under water and the male lets go
when his wings are in danger of getting wet. The female may descend several feet
below the surface to lay her eggs, and, when she has finished, she has only to release
her hold and the bubble of air trapped between her wings brings her up to the
surface in a flash. No part of the tarn is inaccessible to the egg-laying Enallagma,
whereas Pyrrhosoma is confined to these regions where emergent or floating-leaved
plants grow, and apparently the nymphs move little from “the place where they
hatch. This 1s in strong contrast to the behaviour of the green dragon-fly, Lestes,
which lays its eggs in the same way as Pyrrhosoma but whose nymphs spread all
over the tarn soon after emergence,

The water-beetles and water-bugs must come to the sutface periodically, for they
obtain oxygen from a bubble of air carried on the body. A long journey would
expose them to the attacks of predators and it may be supposed that it is to avoid
this danger that they frequent shallow water.

EVldently behaviour is an important factor determining where species occur.
Gammarus pulex the freshwater shrimp, also illustrates this point. It is scarce in the
tarn except in one corner where the bottom is stony. Obv1oue1y there can be nothing
unfavourable about the water and it is not easy to imagine how food supply can
differ significantly under stones and among plants. The most plausible explanation
is that plants fail to provide something, probably cover of a qutlcuhr kind, which
Gammarus seeks and accordingly it moves out of them to continue the search else-
where.

Incidentally it is common practice to cut floating pond-weed during the summer
in Lake District tarns, which results in the removal of great numbers of eggs of
Pyrrbosoma.

The average number of specimens in different plants, shown below, is based on
7 visits to the tarn in 1956, g 1n 1957, 4 in 1958 and 3 in 1959. On each visit collec-
tions were made from about twelve different stations but, for various reasons, not all
are included here.
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Littorella Carex Pot. natans  Myriophyllum
Jiotal ammils 0 13550318 270 210 203 200 174 79, .95
Ephemeroptera 159 147 106 109 8 62 54 B 5t
Dragon-flies 901,102 116 208250 4 27 184,25

Each figure represents the average number of animals at a different station in the
plants named, and it will be noted that there is rather little variation; the last station
in Littorella yielded less than the other two, but this was probably because the plants
formed a less thick cover thete at the start of the investigation.

What really matters, as was emphasized at the start, is not total numbers but total
weight produced in a year and these ﬁgures, which include 29 species, must be
examined very carefully before they are used to compare the productivity of the
four kinds of plant. Such examination reveals that there is no species of animal
which has a life history distinctly different from that of all the rest and which pre-
ponderates in one kind of plant, nor any animal which, distinctly heavier than all
others, abounds in some plants but not all.

Pyrrhosoma takes three years to complete development in Carex and two years in
Littorella and, since it is one of the commonest species, this will lower the value of

&
the Carex figures in relation to those of the other plants. Apart from this, close
familiarity with all the species involved leads me to believe that, when specimens
have been weighed, annual productivity in the four plants will be found not to
differ greatly from the figures quoted above. They stand roughly in the proportion
4:3:2:1; 1n other words there are four times as many animals in Littorella as there
are in Myriophyllum. This is a finding which calls for examination. Myriophyllum
and Potamogeton natans die down to some extent in winter and offer less cover then,
which may be why they hold smaller populations. Carex and Littorella do not change
greatly from one year’s end to another. Littorella probably offers a bigger surface area
than Carex and therefore more pasturage for the herbivores, which, as far as we
know, feed mainly on the algae growing on the surfaces of higher plants and inani-
mate objects. In fact the stems are always coated with algae and it looks as if the
amount available is much greater than the amount consumed, but, until more is
known about which species of algae arc eaten, nothing can be stated with confidence.
Probably because it provides better vantage points, thete are in the Littorella also
more carnivores, mainly dragon—ﬂy nymphs, creatures that do not pursue their prey
but lie in wait until it comes within reach. There is a big open space between Carex
plants and 1n this one may imagine that a large population of water-fleas, the main
food of the dragon-flies, can move about with only an occasional specimen swim-
ming near enough to a stem to get caught and eaten. The leaves of Littorella are
close together and anything swimming among them must come within range of a
lutking predator much more often. The structure of the substratum created by
different species of plant may well prove to be one of the important factors determin-




2

ing the number of animals to be found in a given volume of it. Not only does this
need investigating but also the question, one of great practical importance, of how
much of the invertebrate food in it fish are able to get out of any one kind of plant.

It is not easy to determine exactly what limits the size of a population but there
are four factors which call for discussion against the background of what has just
been written. A poor population may be due to the following:

(1) Too few eggs are laid. This is a commonly advanced explanation; for
example, it is frequently stated that a poor hatch of Mayfly is due to wet and windy
conditions having interfered with oviposition two or three years previously. This may
well be true but nobody, as far as I know, has ever proved it. A female Epbemera
can lay some 2,500 eggs, possibly more, and therefore only a few females could pro-
vide all the nymphs that quite a big stretch of river could support. Very often these
simple and apparently obvious correlations in biology prove complex when they are
examined carefully. It is indeed possible that a particularly good year for eggs would
lead to a poor crop of adults because the resulting larvae were so numerous that
nearly all died of starvation.

(2) There is not enough to eat. Fundamentally food must be the cause of diffet-
ent rates of production; it would be optimistic to expect one of our mountain tarns
draining poor and rocky fell-side to yield as great a weight of fish as the same
volume of water in a river draining the lush pastures of Hampshire, for example.
All the same, our postbag at the Freshwater Biological Association reveals that such
optimists do exist. However a fundamentally productive piece of water does not
always produce a good crop of fish. In the first place water-plants, especially algae,
are not all equally palatable or nutritious and some are distasteful or actually poison-
ous to animals. This important field has been studied rather thoroughly 1n recent
years in Russia and the International Association of Limnology hopes shortly to pub-
lish an account of the work in one of the western European languages. Herbivores
are often small and it 1s well established that, if fish are to grow well, there must
be food of ever-increasing size available to them as they get larger. This means that
they are often feeding extensively on other carnivores and here 1s another link in the
chain which may be a weak one. Carnivores may be scarce if; as suggested above
when dragon-flies were being discussed, vantage points from which prey can be
secured are few.

(3) Too many are eaten. A vantage point for a small predator must also serve
to protect it from a larger one. Many aquarists will have had the experience of bring-
ing in a sample of pond fauna that was evidently existing in a state of balance and
of seeing one carnivore, a large beetle larva or dragon-fly nymph, eat everything else
in a day or two when the catch was placed in an aquarium. The dragon-fly nymph
must spend its days in weed because it is not a good swimmer, but the beetle larva
1s and 1t can hunt in open water. The fact that no species has ever adapted itself to
existence in the middle of big lakes where there is generally a rich supply of
plankton to feed on is perhaps because it would be so vulnerable to fish.
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(4) Territory. I do not know whether freshwater invertebrates ever establish
territories, but fish certainly do. Kalleberg (1958), working at the famous Swedish
station at Drottningholm, observed young trout in a large tank and noted that each
one established a territory from which 1t chased intruders with ferocity. The size of
the territories depended on the configuration of the bottom; if it was flat and
regular, the fish would not tolerate a neighbour within a distance that excited no
reaction if -there was a large stone or other irregularity between them. As the fish
grew larger, they increased the size of the territory and the weaker ones were pushed
out and probably perished. The population of trout in a stony stream, therefore,
depends above all on the configuration of the bottom. This 1s a point not only
relevant to the present discussion but of some practical importance to those con-
cerned with stocking. Kalleberg records that the fish rarely hunted for their food
but waited under the lee of a stone for objects washed down by the current. The
territorial and feeding behaviour changed completely when the current speed fell
below a certain level.

We are beginning to be able to perceive dimly the conditions that will give best
fish growth under natural conditions. There is a nice balance between a number of
interacting factors. Basically the nutrient supply entering the system must influence
the output, but the relation between the two is rarely direct. Efficient utilization
depends on a certain combination of species in a certain proportion and this is a
product of the behaviour of each one and its reactions to other species and to the
inanimate and vegetable background. Ideally from the human point of view each
link in the food chain should be able to keep the numbers of the one below at a
level where it neither overcrops nor undercrops the food available to it. We know
remarkably little about this system and how far reality is from the ideal.

The biologist whose object is to produce game fish has an additional problem
unknown to other scientists whose task is to make two blades of grass or two pounds
of flesh grow where one grew before. The fisherman wants not only plenty of well
grown specimens but fish that will rise to take food at the surface. It 1s easy to
imagine, and there may well be actual examples, a place where there is so much to
cat at the bottom that no fish ever bother to feed at the top, and replete monsters
stare up with cynical amusement at the biped animals who cast little objects on to
the water with so much unrewarded doggedness.
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INTRODUCTION

In recent years an increasing amount of
research has been directed toward the
ecology of flowing waters, mainly because
of their importance in the disposal of in-
dustrial and domestic wastes. Much of the
research on streams in North America has
been oriented toward various aspects of
pollution control, the search for indices of
pollution (both biological and physico-
chemical), and toward the management of
streams for sport or commercial fisheries.
However, many problems that now confuse
findings of applied research may be solved
only after accumulation of basic data.

This paper concerns an unpolluted spring
stream, somewhat modified by man, and
is an attempt to describe and analyze its
physical, chemical, and biological char-
acteristics. Investigations of Doe Run,
Meade County, Ky., were begun in Feb-
ruary 1959, and were intensified November
1, 1959. A year of study was completed
before the downstream half of the creek
was prepared for impoundment, and in-
tensive sampling ended on July 9, 1961,
when impoundment was effected.
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DESCRIPTION OF THE STUDY AREA

Geographic, Geologic, and Historic
Information

The main spring of Doe Run (Front.)
lies about 3 miles east and 0.4 mile north
of Ekron, Ky., in eastern Meade County,
372 564N and 86207 W (Fig: 1)t~ The
creek flows north-northeast and is 9.7 miles
long, although the distance from source to
mouth by airline is only 5 miles. Doe Run
enters the Ohio River about 3.5 miles east
of Brandenburg, Ky.

The stream is located on a belt of Missis-
sippian limestones that exhibit extensive
karst topography and extend from central
Indiana through Kentucky and into central
Tennessee (Swinnerton, 1942). In Ken-
tucky, this well-defined topographic area is
called the Pennyroyal and is considered a
major physiographic region of the state
(Sauer, 1927).

The uplands into which Doe Run has
deeply incised lie approximately 680 feet




A Survey of the Bottom Fauna of
Streams in the Scottish Highlands

Part I
Composition of the Fauna

by
N. C. MORGAN & HENRY J. EGGLISHAW

Agricultural Scientific Services, East Craigs, Edinburgh and Fresh-
water Fisheries Laboratory, Pitlochry, Perthshire

INTRODUCTION

As part of the studies being carried out on the biology of the
Atlantic salmon at the Freshwater Fisheries Laboratory, Pitlochry, it
is intended to investigate the feeding of juvenile salmon in the Scot-
tish Highlands. Before commencing these feeding studies it was
considered necessary to study the invertebrate fauna of streams
within this area and the variation in the quantity and quality of the
bottom fauna between different streams. Since there is little published
information on the fauna of streams in the Highlands it was decided
to carry out a survey of streams north of the Highland Boundary
Fault. Having done this a stream typical of the area could be chosen
for detailed feeding studies and streams with exceptionally rich or
poor faunas selected for comparison.

The main aims were to determine the composition of the bottom
fauna and the distribution of the different species and, if possible, to
relate the findings to the physical and chemical conditions of the
stream, the geology of its watershed, or its geographical position.
This paper deals with the composition and distribution of the fauna
and a second paper dealing with the influence on the fauna of the
factors mentioned above will be published later.

Received July 9, 1963.




As it is known that the composition of a stream fauna changes as the
nature of the stream changes along its course, the choice lay between
sampling a small number of streams at a large number of stations
along their courses or sampling many more streams at only one
station. In view of the aims of the work the latter plan was adopted, a
restriction on the choice of sampling sites being that all were within
the ‘salmonid region’ (ILLIES, 1952). All told, bottom fauna samples
were taken from 103 streams and the collections from 50 of these
streams and the stream in which the sampling techniques were tested
have been analysed in detail.

The streams were selected to give a wide geographical coverage of
the area and each was sampled at a point above which it was considered
to have flowed over only one particular rock type. The geological
information was obtained from the Geological Maps and Memoirs
prepared by the Ordnance Survey. As some parts of the area have not
been surveyed in great detail and the scale of the maps was small, it is
possible that intrusions of different rocks occurred of which the
authors were not aware.

In a somewhat ambitious study of this sort, by a small team of
workers, it is clear that the number of times which the streams are
sampled must be kept to a minimum. The work of MAcAN (1957a)
and HyYNEs (1961) indicates that the minimum number of times in a
year that streams in Britain can be sampled in order to collect all the
major species occurring is twice. Accordingly, the streams were
sampled in February-March 1960 to obtain the spring emerging
insects at their largest before they emerged as adults, and again in
July 1960 to obtain the summer emerging insects at their largest.

By sampling all the streams in a reasonably short period of time
and in the same year it is hoped that annual fluctuations and most
short-term fluctuations in the bottom fauna, due to variations in
climatic conditions, have been avoided.

No similar survey of streams has been made in the British Isles
although detailed work has been carried out on the fauna of individual
streams (HYNES, 1961 gives references).

METHODS

To keep the sampling period as short as possible the collecting
technique employed had to be rapid yet, at the same time, accurate
within the requirements of the survey. It was not necessary to
obtain absolute values of the quantity of the bottom fauna in a
stream, even if this were possible, as long as the differences between
catches were directly proportional to the differences between streams.
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The technique had also to be one which could be used on a wide
variety of substrates as the stream beds would vary from silt to
boulders. Various techniques were examined and comments on
these are given below.

A shovel-net sampler, similar to that described by MacaN (1958)
was found to work satisfactorily only where the stones of the stream
bottom were not more than about 6 in. (15 cm) across and where the
packing of the stones and gravel was sufficiently loose to allow
the shovel-net to be driven through the bottom. The frame of
the net had an external width of 14 in. (35.5 cm) and the use of a
larger net was impractical as the apparatus would be too unwieldy.
The shovel-net was found to be of limited use in Highland streams
where a considerable proportion of the bottom is. usually composed
of large stones or bedrock.

The shovel-net was also employed as a Surber sampler (SURBER,
1936) by setting it on the downstream side of a wooden frame with
raised sides which surrounded 1 ft* of the bottom. The stones from
this area were hand-picked into a bucket and the remaining sand and
gravel thoroughly disturbed so that the fauna and lighter debris were
washed into the shovel-net by the current. The stones were scrubbed
with a nail brush, in a bowl of water, and the washings filtered
through a net and preserved with the contents of the shovel-net. The
scope of the method was greater since it could be used on a wider
variety of substrates. However, it involved too much time and labour
for it to be of practical value in carrying out a stream survey on the
scale envisaged, each sample taking about three-quarters of an hour to
collect. Furthermore, NEEDHAM and USINGER (1956), using a square
foot Surber sampler, found that 73 samples were required to give an
estimate of the total number of organisms in a single riffle significant
at the 959, level of confidence but that two or three samples were
sufficient to ensure that at least one representative of each of the
commonest genera was present. This should be possible from a less
time-consuming method.

Tests were also carried out using NEILL’s sampler (NEILL, 1938)
but it was found that this could only be used effectively on a very
limited range of types of bottom.

All the above techniques probably underestimate the fauna of the
area sampled. It was shown, using dyes, that not all the water flowing
over the sampling area passed through the collecting nets so that a
proportion of the fauna would probably be missed. Since much time
was taken up in separating the animals from the other organic and
mineral material taken with the samples, it was practical to sacrifice
some accuracy for a technique which would be more rapid and versatile.

HyNEs (1961) used a triangular handnet, which was held vertically
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against the stream bed, to collect the animals whilst the area of the
stream bed immediately upstream was vigorously stirred by the
collector. Each sample consisted of ten such operations. HYNES
(personal communication) has also used a similar technique
whereby a standard number of kicks are given in front of the net to
provide the sample.

This latter method was tested in January 1960 at Allt Leathan
(stream number 51), a moorland stream running off the northern
slopes of Schiehallion, Perthshire. A handnet was used which con-
sisted of a pyramid-shaped net, 30 cm deep, made of grit gauze, 12
meshes per cm, which was attached to a square frame with 24 cm
sides. This net was held against the downstream side of the area to
be sampled and the substrate disturbed with the investigator’s boot.
A given number of kicks were made in an upstream direction for a
distance of about 18 inches (46 cm), each kick digging deeper into the
substrate. The stream current carried a proportion of the debris and
animals which were disturbed into the net, and a pause was made
between each kick for this to take place.

Table I shows the results obtained on 25th January, 1960, for six
standard kick-samples, three kicks being made for each sample. They
were taken in a fairly uniform stretch of the stream where the bottom
consisted of angular and rounded-angular.stones up to 8 in. (20 cm) in
diameter compacted in gravel and sand. With the exception of
sample V the catches showed good agreement for a method which was
only expected to be quasi-quantitative. Brachyptera risi nymphs and
Stmulium spp. larvae show a tendency to clump so that variation in
the catches of these is to be expected.

In order to decide upon the number of kicks which should be
given, a series of six-kick samples were taken at Allt Leathan and the
net emptied after every second kick so that each sample was the sum
of three pairs of kicks at the one site. Of the total catch at each site,
51—879, was taken in the first two kicks, 9—36%, in the second two
kicks and 4—159, in the third two kicks. The only species to occur
in the last pair of kicks of any sample and not in the first and second
pairs were Esolus parellelopipedus (two larvae in one sample) and
Latelmis volkmar: (one larva in each of two others). These helmid
larvae presumably burrow further into the substrate than the other
animals and are not of importance as fish food. It was therefore
decided that four kicks at each site would be adequate. More kicks
would give very few more animals but would increase the amount of
debris from which they would have to be separated.

This method of sampling can be used on a wide variety of sub-
strates, from sand up to stones 18 inches (45 cm) to 2 feet (60 cm) across,
amongst weed and even on bedrock using the boot as a scraper. The
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method is rapid and the whole process of selecting a site, taking the
sample, bottling, labelling and making a description of the substrate
sampled takes about 10 minutes.

TABLE I

T'he catches from Allt Leathan, Fanuary 1960, using the kick-sampling method.

SAMPLE NUMBER
I T [TV S VAR VAT
PLECOPTERA
Amphinemura sulcicollis (STEPH.) Tl 26 413 219
Protonemura praecox (MORT.) 7l 2 5 4 0 il
Leuctra inermis KEMPNY 6 20 “E13E =14 3 5
Leuctra hippopus (KEMPNY) 0 4 5 2 1 1
Leuctra spp. 0 1 1 0 0 0
Brachyptera risi (MORT.) 1% 0 0 3) 0 4
Isoperla grammatica (PODA) 1 2 0 il 0 1
EPHEMEROPTERA
Rhithrogena spp. 8 18 7L ) 3 9
Ecdyonurus spp. 0 0 8 T/ 4 3
Baetis rhodani (PICT.) 22 OS] 28015 v s L
Baetis pumilus (BURM.) 1 3 4 1 4 4
Baetis spp. 1 10 3 I 1 0
TRICHOPTERA 3 il 3 B 0 2
DIPTERA
Simulium spp. 19 0 0 1 0 2
Chironomidae B 1 3 2 il it
OTHER spp. of invertebrates 2 3 2 1 0 2
Total 92 e ] O 1tteea7 O, Bas 83 cf e Aoy 7]

In view of the versatility, speed and good replication of results it
was decided to use this technique for the collections during the
stream survey. Three four-kick-samples were taken in each stream,
one in a pool, one in a run and a third in a position where conditions
were intermediate between those at the other two sampling sites.
Some streams are far more variable in physical characteristics than
others but by distributing the sampling points in this way there is a
good chance of catching all the common species even in the most
variable streams.

Regular collections of bottom fauna organisms were made from
Allt Leathan, once a month, from February 1949 to May 1951
(unpublished data) using a tray technique, similar to that employed
by MooN (1935) in Windermere, supplemented by handnet col-
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lections. Also shovel-net and cylinder samples were taken in June
and September 1959. The quality of the fauna as shown by these
other methods may be compared with that obtained during the stream
survey on 25th January and 29th June 1960. A total of 55 species
were distinguished from all the collections taken at the stream and of
these 45 were recorded during the stream survey. Only the Ple-
coptera and Ephemeroptera were determined to species in all the
collections and, of these, 11 out of 15 species of Plecoptera and 7 out
of 8 species of Ephemeroptera were recorded during the present
stream survey. One species of mayfly, Heptagenia lateralis, which
had not been recorded previously, was taken in the kick-samples.
All the commoner species in the stream were well represented in the
kick-samples.

A total of four shovel-net samples, sampling one square foot each
and a cylinder sample, covering about this area, were taken on 30th
June, 1959 and three standard kick-samples were taken from the
same region on 29th June, 1960. Comparison of the qualitative
composition of the catches in each year showed that 39 species were
taken in 1959 and 33 species in 1960 of which 27 were common to
both years. The same species were recorded as being the most
abundant by all the methods used. Thus the advantage gained by
sampling more streams, using the kick-sample technique, far out-
weighs the advantage of the slightly higher number of species ob-
tained by using much more laborious and perhaps more accurate
methods for a smaller number of streams. The habitats within the
same stream are generally so variable that a strictly quantitative
method would have little value over a quasi-quantitative method
unless an extremely large number of samples were taken.

The kick-samples in Allt Leathan caught one-fifth to one-tenth of
the number of animals caught in shovel-net samples, covering one
square foot, taken at the same time of year. These results, however,
are not strictly comparable as the shovel-net had half the mesh size of
the kick-sample nets and thus caught many more small nymphs and
larvae. Deducting the nymphs under 2 mm and the larvae of Cory-
noneura spp., which were not caught satisfactorily by the kick-
sample nets, each kick-sample caught one-third to one-fifth of the
number of animals caught by the shovel-nets.

Formalin was added to the kick-samples in the field and they were
sorted later in the laboratory. Small portions at a time of the sample
were examined, in white photographic trays, using x2 head-mag-
nifiers until all the animals had been removed from the debris

Complete identification to species was only attempted for the
Platyhelminthes, Hirudinea, Isopoda, Amphipoda, Plecoptera,
Ephemeroptera, Coleoptera and Gastropoda. Many animals within
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the other major taxa could not be identified further than family.

After the animals had been counted and identified the total wet
weight of the animals in each sample was determined to the nearest
milligram. Before weighing, the preserving fluid was drained off the
sample and the surface moisture removed from the animals by
spreading and rolling them on a filter paper with a fine brush.

Clinging forms such as Ancylastrum fluviarile and Hydroptilidae,
which can attach themselves tightly to stones, were not always
collected by the kick-sampling technique. The kick-sample col-
lections were therefore supplemented by picking stones from the
stream and scrubbing them with a nail-brush in a bucket of water.
These washings were then sieved through a 100 mesh net (39 meshes
per cm). They were preserved and sorted in the same manner as the
kick-samples, but complete counts were not carried out, the samples
being scanned under a microscope and only the presence of a species
being recorded.

It might also be expected that the stony-cased caddis would not be
sampled properly by a technique which depends on flow to wash the
animals into the net and, indeed, a large proportion of the caddis
caught were caseless forms. However, SPRULEs (1947), using an
emergence cage to trap insects, found that the most abundant caddis
in streams in Algonquin Park, Ontario were caseless forms.

A short description of each stream at the site where it was sampled
is given in Appendix 1. In the spring a sample of water was taken
from each stream for chemical analysis. The full results of these
analyses will be published elsewhere by HOLDEN, but the chemical
richness of the water, as given by total cation concentration (i.e.
the sum of the amounts of calcium, sodium, magnesium and potassium
ions) expressed in micro-equivalents per litre, is given in Appendix 2.

The chemical composition of the water of a stream may be
considerably different during spates from that under normal con-

~ ditions. It was fortunate that during the spring of 1960 few streams
were in spate when they were visited but, where they were, further
samples for analysis were taken later under more normal conditions.

THE COMBINED FAUNA OF THE STREAMS

In order to give an overall picture of the stream fauna of the area
covered by the survey both the spring and summer kick-sample
catches from fifty streams were summed. These streams occurred on
the five major kinds of rock covered by the survey and comprised 16
on schist, 13 on granite and 7 each on basalt, limestone and sand-
stone. The composition of the fauna is shown in Table II. Unless
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indicated otherwise the insects mentioned are nymphs or larvae and
this procedure will be adopted throughout this paper. Only the
numbers of the most important groups and species are expressed as
percentages of the total fauna. The presence of a species in the stone-
scrubbings was sufficient for it to be included in the column headed
‘Occ.’ even though the species was not collected in the kick-samples
from that stream.

Although included in the totals of Table II the following insects
which did not occur in more than one stream have not been mentioned
by name: Brachyptera putata (NEWM.), Leptophlebia marginata (L.)
and Ochthebius impressicolis CAST. adult in the spring, and Taeniop-
teryx nebulosa (L.), Ephemera danica MULL., Centroptilum pennula-
tum ETN., Procloeon rufulum (MULL), Goera sp., Lepidostomatinae,
Sericostomatidae, Brychius elevatus Py. adult, Haliplidae, Oreodytes
septentrionalis GYLL. adult, Limnebius truncatellus THUMB. adult,
Dryops sp. adult and Thaumalea sp. in the summer.

A minimum number of 131 species were differentiated, although
for the Hydrozoa, Rhabdocoela, Nematoda, Oligochaeta, Ostracoda,
Diptera and Hydracarina the authors were unable to identify the
representatives to specific level. Of these 131 species, 94 occurred in
the spring and 118 in the summer samples.

The slight differences in the intensity and clarity of the pattern on
the abdominal terga of Baeris scambus ETN. and B. bioculatus (L.)
mentioned by MAcAN (1950) indicated that our specimens entered
under B. scambus|bioculatus (L.) in Table IT and Appendix 2 probably
belonged to the former species. The larvae entered as Hydropsyche
(?) fulvipes are almost certainly H. fulvipes but these cannot be
distinguished from H. saxonica MCLACH with certainty. Miss R. M.
Bapcock, who confirmed the identification, points out, however, that
H. saxonica js very rare and that she has not come across it in Scotland
during quite extensive collecting, her only two records coming from
the south of England. The possibility of H. saxonica occurring in the
Highlands cannot, however, be ruled out as it does occur in small
stony streams. It is also likely that the Polycentropus spp. are all P.
Sflavomaculatus (PICTET). Over 999, of the larvae entered under
Tanypodinae were Ablabesmyia spp. Similarly HUMPHRIES &
Frost (1937) in their survey of the River Liffey found that the
Tanypodinae were dominated by Ablabesmyia spp.

THE SPRING FAUNA

The fauna of each of the fifty streams surveyed appears in the
tables in Appendix 2. Details of the composition of the fauna in the
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spring and summer are given. Information on the variation of a
species from one stream to another, its distribution and its frequency
of occurrence can be extracted from these. The streams are grouped
according to the type of rock upon which they were situated and,
within each group, are arranged in ascending order of chemical
richness. A total of 10,430 animals was collected from these streams
in the spring. Twelve streams had a total of between 9 and 100
animals in the three samples, 18 had 101—200, seven had 201—300,
six had 301—400, six had 401—500 and one 638.

The spring fauna (Table IT) was composed mainly of Plecoptera
nymphs (33.19, of total fauna), Ephemeroptera nymphs (31.8%,) and
Diptera (20.2%,). The remaining 14.99, of the fauna was made up of
several orders, of which Trichoptera, Coleoptera and Oligochaeta
were the most important.

The ephemeropteran Baetis rhodani was the most abundant and
widespread animal collected in the spring. It formed 15.5.9, of the
total fauna and occurred in 47 of the 50 streams. This species and
Rhithrogena sp. formed three-quarters of the mayfly catch. The
second most abundant and widespread animal in the spring was the
plecopteran Leuctra inermis (11.29%, of the fauna and present in 43
streams) which made up one-third of the stoneflies. Amphinemura
sulcicollis and Brachyptera risi were other important stoneflies.
Although Chloroperla torrentium and Isoperla grammatica each
amounted to only 2.39, of the fauna they were both very widespread
occurring in at least 38 of the streams. The mayfly Baetis pumilus
was also widely distributed.

Two more species of stoneflies, Leuctra hippopus and Protonemura
meyeri each formed 19, or more of the spring fauna. Fourteen
other species of stoneflies and nine of mayflies occurred much less
frequently. The categories ‘Other Plecoptera’ and ‘Other Ephemerop-
tera’ include four Brachyptera putata and four Leptophlebia margi-

" nata respectively.

The Diptera were mainly the larvae of Simulium (10.3%,) and of
Chironomidae (8.89,), both taxa containing several species. The
samples from all but two of the streams contained larvae of these two
groups. There were representatives of six other families of Diptera
present but all told they accounted for only 1.19%, of the total fauna.

Nearly all of the Coleoptera (3.3%,) were larvae or adults of four
species of the family Helmidae, Helmis maugei, Esolus parallelo-
pipedus, Limnius tuberculatus, and Latelmis volkmari.

The Trichoptera formed 5.2%, of the fauna and were represented
by eight families of which the caseless caddises belonging to the
Hydropsychidae and Polycentropidae accounted for more than half
of the Trichopteran fauna. Although hydroptilid larvae were present
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in the kick-samples from ten streams, they also occurred among the
stone-scrubbings from another nine streams. The chironomid
Corynoneura occurred in the kick-samples from two streams and the
stone-scrubbings from another ten, and the freshwater limpet
Ancylastrum fluviatile was caught in the kick-samples from five
streams and the stone-scrubbings from another eight. These were the
only animals which were found in any appreciable amount in the
stone-scrubbings and not in the kick-samples. No species of Epheme-
roptera was found in the stone-scrubbings and not in the kick-
samples, and four species of Plecoptera each occurred once in the
stone-scrubbings when they were not in the kick-samples.

The entire oligochaete fauna (3.4%,) was not identified but
representatives which were examined by Dr. R. O. BRINKHURST
were identified as Nais elinguis, Ophidonais serpentina, Lumbriculus
variegatus, Stylodrilus heringianus and Rhyacodrilus coccineus. The
Platyhelminthes (1.69%,) were represented by the two species Polycelis
felina and Crenobia alpina. Several Mollusca (0.4%,) the amphipod
Gammarus pulex (0.6%,) and a small number of nematodes, leeches,
ostracods and mites completed the spring fauna.

THE SUMMER FAUNA

A total of 32,306 animals were caught from the 50 streams in the
summer, the total catches in individual burns ranging from 64 to
2943, Stream number 19 had almost dried out when sampled in July
and it was possible to take only two sets of kick-samples instead of
three. In the overall total the lack of one kick-sample is insignificant.
The catches from each stream are tabulated in Appendix 2.

The most abundant groups were Diptera (399, of the fauna)
Ephemeroptera (239,) and Oligochaeta (16%,). Platyhelminthes,
Amphipoda, Plecoptera, Trichoptera and Coleoptera together formed
209, of the fauna and the other ten groups represented formed only
29, of the fauna.

The Chironomidae were the most abundant group of the Diptera
forming 329, of the fauna. These were chiefly Orthocladiinae
although a third of the chironomid catch belonged to the Tanytarsini.
The carnivorous Tanypodinae formed only 5%, of the total Chirono-
midae. The free-living larvae of the Tanypodinae would be expected
to be more easily dislodged and caught using the kick-sample tech-
nique than larvae belonging to other groups of the Chironomidae,
which suggests that the true proportion of Tanypodinae may be
even less in Highland streams. HuMPHRIES & FRosT (1937) found
that Tanypodinae formed a very small proportion of the Chironomi-

190




dae in moss. The large proportion of Orthocladiinae in the summer
samples agrees with the findings of other workers (HUMPHRIES &
Frost, 1937; FrosT, 1942; HYNES, 1961) but the large proportion
of Tanytarsini is interesting as, over the whole year, HyNEs (1961)
found that they were nowhere important in the Afon Hirnant, which
was similar in characteristics to many of the streams sampled. The
only other Diptera to occur frequently were Simulium spp. and
Dicranota spp. The former tend to clump together in places where
stream conditions suit their method of feeding, so that very high
numbers were recorded from a few burns where a sample happened
to have been taken at a point where Simulium spp. were aggregated.
They were, however, widely distributed and the summing of the
collections from a large number of streams must give a good estimate
of their relative abundance in salmon and trout streams in the Scot-
tish Highlands.

Of the Ephemeroptera, Baetis spp. were by far the most abundant,
forming 18.3%, of the fauna. Of all the animals which it was possible
to identify to species B. rhodani was the most abundant and second
most widespread. The Baeris nymphs under 3 mm in length could
not be identified to species with certainty and are grouped as Baetis
spp. If these are apportioned to species in the same proportion as
those which could be identified specifically the number of B. rhodani
would be more than doubled. B. scambus/bioculatus which was absent
from the spring fauna was the second most abundant species of
Baetis. Ephemerella ignita, which was also absent in the spring, was
an important species in the summer. It is interesting that HyYNES
recorded such a small proprtion of Baetis spp. in July using a
similar technique and particularly that the number of small nymphs
was so low as shown by his silk-net and moss samples (HYNES,
1961, Fig. 2), when over half the Baetis spp. caught in the
summer samples, during this survey, were under 3 mm long. On the
other hand Ephemerella ignita was far more abundant in his July
samples, being the most abundant animals in the stramin net samples.

Ninety per cent of the Oligochaeta were Naididae and the re-
maining 109, consisted of Lumbricidae, Enchytracidae, Tubificidae
and Lumbriculidae. Representative samples were identified by Dr.
R. O. BRINKHURST as Nais elingius, N. pseudobtusa, Ophidonais
serpentina, Stylaria lacustris, Eisemiella (?) tetraedra, Lumbriculus
variegatus, Aulodrilus plurisera and Rhyacodrilus coccineus.

Two species of Platyhelminthes were recorded and the small
number which could not be identified, very probably belonged to
these species. Although Polycelis felina occurred in far fewer streams
than Crenobia alpina the total number caught was much higher, due
to exceptionally large numbers in two streams where it formed
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10.99, and 11.59%, of the fauna.

The Plecoptera formed only 5%, of the summer fauna and Leuctra
fusca was the most abundant stonefly forming two-thirds of the
stonefly catch. This species was recorded from more streams than any
other single species. The stoneflies, shown as Protonemura spp. in
Table IT were all under 2 mm in length and were probably nearly all
P. meyeri in which case this species would be the second most
abundant.

Nearly two-thirds of the caddis flies were caseless forms. No
species occurred in more than half of the streams sampled and only
five taxa; Hydropsyche instabilis, Polycentropus spp., Wormaldia spp.,
Rhyacophila dorsalis and hydroptilids were caught in more than 15
streams. The Hydroptilidae were probably all Hydroptila spp. but
because many larvae of this family have not yet been described this
cannot be stated with certainty.

The Coleoptera were chiefly Helmidae. Helmis maugei (3.89, of
fauna) was the most abundant species occurring in 32 streams although
the most widespread species was Latelmis volkmari (0.99, of fauna)
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