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.AN ECOLOGICAL INVESTIGATION OF STREAM
INSECTS IN ALGONQUIN PARK, ONTARIO

ABSTRACT

effect of several ecological factors on the qualitative and quantitative dis-
T~e of stream insects in Algonquin Park, Ontario, was determined from

uibUt~ained by use of the cage-trap method of sampling the emergence of in-
data ~rom unit areas in streams, at regular daily intervals.
~cidents that induced significant alterati~ns ~ the physic~1 nature of ~e

were accompanied by marked reductions ill the total insect population
~ change in the faunal composition of the affected areas. Such incidents
facluded a severe freshet, cessation of flow and subsequent desiccation of the
IIftIID bed, and transformation of a shallow rocky riffle into a deep sedimented

pool by construction of a beaver dam. ...
A correlation was found between the total number of species III rocky riffle

at different distances from the source, and the average water temperatures.
linear distribution of species was delimited by the water temperatures ob-

in different sections of the stream and this was correlated with the thermal
ce of the immature stages.

Within the limits set by temperature the distribution of species was affected
other factors including rate of flow and nature of the bottom, two factors which
eloaely interrelated and fundamentally inseparable. The diversity of the fauna

·...•lI:ftued from rubble, through gravel, and muck, to sand as the variety of util-
e microhabitats decreased. The observed distribution on different types of

was related to habitat preference and associated morphological adaptations
the species.

The seasonal emergence periods of different species were segregated and the
emerged in the same sequence each year. The date of first emergence and

length of the emergence period of a species differed from year to year and
Thdeter:mined by annual variations in water temperature.

e diurnal emergence of species showed a similar segregation in general, in
anYone species emerged at the same time each day while different species

at different times. The maximum total emergence from a rapids during
~1I111J.nmer occurred throughout the evening hours and the most important causal

It ~olved seemed to be a reduction in light intensity .
. been suggested that the number of individuals present in any area de-

primarily on the utilizable surface area of bottom particles exposed to the
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INTRODUCTION

. Although the importance of a~uati: insects in the economy of r
nmg waters has long been recognized It has not been until rece tun.
that any intensive work has been done to determine the inti~ Year
I· hi h . b he vari ate reations Ip t at exists etween t e varIOUS environmental fact •.. . ors ob-
tammg m streams and the abundance, variety, and distributi
the associated insect fauna. A complete understanding of this rel~; of
ship is essential for a full appreciation of the complexus of str ion,
populations and a prime requisite for the successful apPlicatio~
any stream improvement policy. 0

Of the recent publications pertaining to the ecology of stream in-
sects many have treated the biological data purely qualitatively, other
quantitatively; few contain analyses of the data from both these view~
points. There is a scarcity of literature on studies of the invertebrate
fauna of streams in which observations have been made at frequent,
regular intervals. Although it is not always practicable to carry out
such detailed investigations, when these are performed the data ob-
tained are of considerable value in allowing other workers to place
the proper interpretation on the results of more casual surveys.

Further, in almost all the stream investigations to date the in-
formation has been obtained by sampling the population of bottom
fauna. Various methods were used such as the hand-dip method of
Ludwig (1922), the eedham square-foot trap (Needham, P. R.,
1928), the Peterson trap (Peterson, 1911) and Ekman dredge (Ek-
man, 1911) used by Gersbacher (1937), the United States Bureau of
Fisheries one-foot trap described by Surber (1936), the basket
method of Wene and Wickliff (1940), and the circular square-foot
sampler devised by Hess (1941), which has been found particularlY
useful in gravel and rubble areas.

The cage-trap method, which samples the insect emergence fro~
unit areas in streams, was introduced by Ide in 1937 (Ide, ~940of
This method was found to be readily adaptable to a wide vanety f1I-

stream conditions and allowed the investigator to determine the t~'ta_
over of bottom fauna, rather than merely the population, both qua~t
tively and quantitatively, at frequent regular intervals. Ide found rIB

his method gave a much higher value for the quantity of bottom f~~g.
present in an area than was obtained by means of bottom sarnP
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Ide's met.hod was used in the present investigation which was car-
out dUrIng the summer months of 1938 to 1941, inclusive, on a

'on of the Madawaska river system in Algonquin Park, Ontario.
. ed ecological information was obtained on the hourly, daily,
nal, and annual variations of insect emergence; the effect of an

ittent flow and subsequent desiccation on the insect population
• rapids; the influence of a sudden freshet and concomitant molar
• n on aquatic insects; the effect of a reduction in the rate of flow

accompanying sedimentation on the insect fauna of a rapids; the
played by temperature in limiting the distribution of species in
, riffle areas at various distances from the source; and the dis-

tion of species on different types of bottom in a restricted section
stream.

HISTORICAL REVIEW

The effect of an intermittent flow and stagnation on the distribu-
and survival of -aquatic insects in a stream of the Panama Rain-

was studied by Allee and Torvik (1927), who concluded that
and dissolved oxygen content of the water were likely the most

nt factors affecting the distribution. Stehr and Branson
) carried out an extensive ecological study of an intermittent

in Ohio and found that the insect fauna was limited both in
s and variety during periods of low water.

. y authors have reported marked reductions in bottom fauna
?g severe floods and freshets in various streams. Moffett (1936)
tned the change in the bottom fauna of some Utah streams
sly a~ected by erosion, and found that floods of eroding propor-
defimtel d t d ..y es roye existing stream populations. In general
\'Vas a'd f 'B rapi recovery ollowing abatement of the flood. Stehr
ranson (1938) concluded that such areas were repopulated in

ways, including migration of both immature and adult forms
ettce of . f hib . '8 . specIes rom I ernatron, and reproduction of species
ucceed 111hold' thei . . .1'h - 1I1g err positions m the stream.
,:~ole played by current in limiting the distribution of insects
--liS has be' . d b7) D en mvestIgate y many workers including Clemens

, odds and Hisaw (1924 a and b 1925 a) Hubault (1927)
~1~Ski (1929), and Hora (1930). These studies emphasize th~

ons to d tili . fan u I rzation 0 the current by typical lotic inhabi-
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tants, Wu (1931) found that in general the Simuliidae (Dipte
d " d t . ra)had an "inherent current deman, ~s o~p~se 0 ~ re.ql11:ement for

a high concentration ?f oxygen, .whlch limited their dlstnbution. In
his work on the function of the gills of mayfly nymp~s from different
habitats, Wingfield (1939) came to the same conclusion.

Temperature has been shown by several. investigators to limit the
distribution of stream insects. Dodds and Hisaw (1925 b) determined
the altitude range and zonation of the species of Plecoptera, Ephetn_
eroptera, and Trichoptera along the valley of South Boulder creek
Colorado. They found that temperature was the main climatic facto;
responsible for the observed zonation. Ide (1935) studied the effect
of temperature on the distribution of Ephemeroptera in the Nottawa_
saga river system, Ontario, and determined that temperature sets
limits to the distribution of these insects within which are other limits
correlated with other environmental factors. Whitney (1939) investi-
gated the thermal resistance of several species of Ephemeroptera from
various habitats in a stream and found a direct correlation between the
resistance of nymphs to high temperatures and the temperature ob-
taining in the respective habitats. . .

Investigations on the effect of type of bottom on the insect dis-
tribution in streams have been stimulated, in recent years, thro~gb
the extensive research on stream improvement that has been earned
cut in North America. Valuable contributions in this field have b~
made by Needham, J. G. (1927), Needham, P. R. (1927, 1928, 1~ '
1934), Carpenter (1927), Percival and Whitehead (1929, 1935~'
Pate (1931 1932 1933), Moore et al, (1934). Morofsky (1937 •
Tarzwell (i936, ~937), Surb~r (1936, 1938), Gersbacher ~~e~:
Wene and WickclIff (1940), Lm~uska. (1~42) and others. I: t> ro<iltC-
the quantitative results of these investigations have shown P ttoJ1l•

tivity gradient of bottom organisms related to the types of be sand
decreasing from plant beds and silt through rubble and ~ravel t~f dis-
and bedrock. The qualitative results have shown the eXlstenc~ 't" of

. b h major! Jtinct habitat preference for specific types of bottom y t e
stream insects.
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PTION OF DRAINAGE AREA, STREAMS AND STATION SITES

~ creek and its tributary waters are situated along the south-
• ndary of Algonquin Provincial Park, Ontario, at 45 degrees

utes north latitude and 78 degrees 15 minutes west longitude.
b~stern extends for 8 miles in a general southerly direction from

~dwaters at an altitude of 1,400 feet to its termination in
.lake at an altitude of 1,281 feet, and drains an area of 6

• Illlies (Topographical Survey of Canada, 1934). Galeairy lake
~ by the Madawaska river which empties into the Ottawa
t e town of Arnprior.
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FIG. 1. Map of Mud creek drainage system. The number.

the positions of the station sites used in the investigation.
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e district in which Mud creek is located is part of the extensive
brian shield area. The rock consists of masses of granitoid
and light-coloured schists, characteristic formations of the

tian Period of the pre-Cambrian Era. This district is in the
n portion of the mixed conifer-hardwood forest. Prior to 1900

around Mud creek was heavily wooded with red and white
but at that time much of the original forest was cleared by in-

lumbering. In 1914 a devastating forest fire swept through
tection and left it landmarked with charred rampikes which now

racteristically here and there among the new growths of sub-
poplar and birch. On the exposed slopes, where the soil cover
on, the fire -burned through, baring extensive areas of rock,

the sheltered slopes and swamp sections were untouched and
nsiderable stands of conifers and hardwoods are still found.
e annual precipitation averages about 35 inches and this is
distributed throughout the seasons with the winter complement
as snow. The average monthly mean temperatures range from
ees Fahrenheit in January to 65 degrees in July.

ud creek (figure 1) arises as the outlet of a small lake, 8 acres
, which is surrounded by steep wooded hills. From its source

meanders 400 yards through an open beaver meadow and
idens into a small pond maintained by a beaver dam 8 feet

The overflow and seepage water from the dam flow intermit-
along a narrow rocky channel 3.5 feet wide with vertical banks
high. The banks support a dense growth of grasses and shrubs
shades the stream throughout most of the day. Station 1 (fig-

) Wassituated in this section of the stream, 50 yards below the
dam. This section of the stream dries up in midsummer in

Years.
~ ? 2 was selected in a rocky riffle area 150 yards downstream

bon 1 A small volume of cold water that flows continuously
a ~helter.ed sphagnum bog and joins the stream 50 yards above

.prOVIdesa permanent flow. The flood channel at station 2 is
::lde with sloping banks covered with grasses and shrubs but

e not dense enough to shade the stream completely during
oon period of each day. Extensive tufts of aquatic mosses,

) SF~ntinalis dalecarlica Bry. Eur. and Chiloscyphus fragilis
I' chlf!n., trail in the current from the rocks at the water's
~ station 2 the stream flows down a steep rocky decline and
Into Whitney lake.
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Whitney lake has an area of 22 acres and a maximum depth
feet. In addition to the small permanent stream described abo of 3\
intermittent streams that flow only during the spring and per:e, two
heavy rain, empty into the lake. The water passes through ods 0(

narrows into "Castalia" lake which is a shallow, elongate lake
a

~eep
acres and has a maximum depth of 17 feet. One stream with aO43
manent flow empties into "Castalia" lake and the lake is also fed ler-
Smith lake which has an area of 10 acres, a maximum depth o;i
feet, and one temporary stream flowing into it. 5

The water in all these lakes is distinctly brown and acid in r
action. There is a sharp thermocline at 15 feet during midsumm:
The surrounding shores are characterized by wooded slopes a1ternat~
ing with low marshy areas which support dense growths of alder and
various bog plants, while rooted aquatic plants are abundant in the
shallow shore areas of the lakes.

From "Castalia" lake to Clarke lake Mud creek averages 10 feet
in width and one foot in depth throughout most of the summer. There
are frequent riffles where the stream flows rapidly over bedrock, rub-
ble, or gravel, followed by short, deep pools with mucky bottoms.
There are several beaver dams in this section which vary in size from
mere obstructions to the main current to dams that flood an area as
large as 4 acres. The stream is bordered with alder, birch, and poplar,
with grasses and sedges at the water's edge. This vegetation protects
the stream from direct insolation with the exception of the beaver.' Mudponds and wide parts of the stream. Four small streams join .

creek in this section, three of which have a permanent flow. StatIons
3a, 3, 5, 6, and 7 were selected in this part of the system.

Station 3a (figure 4) was situated 800 yards downstream fr:
"Castalia" lake in the centre of a rocky riffle. The flood channel at ·tb
station was 8 feet wide with vertical banks which were cover~d~
herbs and bushes. A few sedges occurred at the stream margtn. mile
stream continued along a narrow rocky channel for about onh~h ith w rc
and thence emerged into a large open meadow, throug faIls
meandered in a deep, silted channel. The water flowed over a rocJc1
feet high at the end of the meadow and passed down a short. tbi5
rapids in which station 3 was established. The flood ~hann~l;~ fett
part of the stream was 18 feet wide. Station 5 was sltu~te he!JOl'
downstream from station 3 in a deep placid pool in whIch t

FIG. 2,- Illustrations of stations in the stream.
~pper left -Station 1, spring HHO.
L pper right-View of gravel bar below Station 6, summer 1040,
L OWerleft +-Station 7, spring] 040.

"Wer right-View of sand bar below Station 7, summer 1940,
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nsisted of muck and decaying organic matter. Clumps of the
CO C' k .Carex rostrata Sto es, were present 10 the stream but there

~~o clumps in the station site proper. From station 5 the stream
.,ereed through a dense alder swamp for 400 yards and thence opened
eo- clearing and flowed down a long, shallow, gravel riffie in which
-·:n 6 was located. The flood channel was 16 feet wide and was
: and flowing during the spring but the stream was reduced in the
lIJIIUl1ermonths and long gravel bars became exposed (figure 2). The
IIIIJlcs were covered with herbs and grasses but these were too low
to shade the stream during most of the day. Station 7 (figure 2) was

ted 200 feet below station 6 where the current was reduced and
bottom consisted of fine sand. The flood channel here was 14
wide and the banks were covered with grasses, herbs, and alders

lch effectively shaded this part of the stream. A wide sand bar
exposed here during the summer period of low water (figure 2).

Darke lake has an area of 51 acres and a maximum depth of 38
The water is dark brown, acid in reaction, and there is a sharp
oeline between 15 and 20 feet in the summer period. Three
permanent streams empty into the lake. From Clarke lake to
bay, Mud creek flows sluggishly through a thick alder swamp.
channel averages 4 feet in width and 3 feet in depth and the

consists of sand and gravel covered with silt and organic
·tus. Mud creek empties into Mud bay through a wide marshy

in which the stream is diverted into several channels .
•lIu? bay possesses a relatively narrow channel of open water

IS bounded for 200 yards on either side by shallows with
erous stumps and deadheads rising above the water surface.
water level in Galeairy lake is maintained by a dam constructed

the Madawaska river at the town of Whitney. This has flooded
hay and Mud creek back as far as Clarke lake so that it seems

Sta17 that the stream originally flowed directly into Galeairy lake.
Unr!IO~S4, 4a, and 4b were located in the Madawaska river (figure
Ow e~latelY below the dam in a large rocky rapids. The volume
to b rough the sluices of the dam was so great that the stations

.e selected to one side of the main current. The flood channel
i~\1er is 150 feet wide and is strewn with large boulders many
~ldmeasure 10 feet in diameter. Small stands of poplar and

er dusters, grasses and shrubs cover the river banks, but
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because of the width of the channel the stations were exposed to d'
. Itettsunlight throughout most of the day.

The Madawaska river is representative of the large river Co •
tions found in Algonquin Park while Mud creek is representativ ndl.

. hi di . eo{the smaller streams so numerous m t IS istrict.

PHYSICO-CHEMICAL CONDITIONS

The station sites were selected to provide information on specifi
phases of the ecology of stream insects. Stations, 1,2, 3a, and 4 wet~

TABLE I.-Average physical and chemical conditions at the stations in th
summer of 1938. The figures represent the average of six determinations ma~
on June 17, July 16 and 30, August 11 and 26, and Septem.ber 9, with the excep-
tion of those for the oxygen content, percentage saturation and hydrogen ion
concentration at stations 5, 6, and 7 where a single water analysis was madeon
August 12.

Station 1 Station 2 Station 3 Station 4 Station 5 Station 6 Station 7

Type of
Sandbottom .... Rubble Rubble Rubble Rubble Muck Gravel

Width in feet 1.3 5.8 12.8 85.0 12.5 8.7 9.7
Depth in

12.6inches .... 1.6 3.3 5.7 21. 5 14.9 6.7
Rate of flow

0.3in feet/sec. 0.1 0.4 0.9 2.3 0.1 0.8
Volume of

flow in 3.2cu. ft/sec .. 0.1 0.5 4.8 288.0 1.9 4.0
Colour ... ,. 69 56 115 32
Dissolved

oxygen in
6.3 6.3

cc/L ..... 6.7 7.6 6.6 6.4 6.9
Percentage

92 92
saturation. 91 97 93 99 91

Hydrogen
ion concen-

6.5~tration ... 6.1 6.2 6.6 6.4 6.7
. h of tilt

chosen in the centres of rocky nffles, throughout the lengt tl1JII

river system, in order to minimize the effect of factors. other Illler•
distance from the source on the insect distribution. In a hke :a retJJ.

. f Mu Cstations 5, 6, and 7 were selected in a short section 0
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to station 3, where different types of bottom prevailed so that
effect of factors other than. type of .bottom. woul~ be minimized.
. s 4a and 4b were established beside station 4 m an extensive
'd where all conditions were apparently identical.

sf'Observations 0 certain physical and chemical properties of the
let, including rate and. volume of flow, colour, oxygen content, and

were made only at intervals throughout the investigation, while
'depth of water at station 3 and the water temperature at each
'on were recorded daily.
To illustrate representative water conditions at the stations, table

been prepared from determinations made during the summer of
. The values in the table are the averages of six observations
on June 17, July 16 and 30, August 11 and 26, and September

ith the exception of the pH, oxygen content and percentage satur-
at stations 5, 6, and 7 for which the values represent the results
single water analysis made on August 12. Station 3a, 4a, and

not included in the table since these were not in operation in
However, from observations made in later years, it was found

the conditions at station 3a approximated those at station 3, and
tions 4a and 4b were identical with station 4.

Apparatus and Methods
temperature was recorded continuously at station 3

s of a Jegretti and Zambra distance recording thermometer
was in operation in each of the three years. The temperatures

other stations were obtained from maximum-minimum or hand
. .eters. Daily readings were made at the times the stations

\'Jslted. All times referred to are Eastern Daylight Saving Time.
,."" .'•••.•..depth of water was recorded daily at station 3. This was

ned from a stake graduated in inches which was driven into
" ,,.eatn_bed with a zero mark at the surface of the bottom particles.
c?lIqb'·i ••

nal records of depth were made at all other stations by de-
g the average of several direct measurements made with a

rate of flow of water was obtained in 1938 by submerging a
• attached .from to a spnng, to a standard depth and reading the

C1.J a graduated scale along which the paddle was deflected
rrent (Solman, 1939). This apparatus was calibrated so
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that the readings could be converted into rate of flow in feet
second. In the succeeding years. the rate was determined by ree Per
. .' 11' f Qrd.mg the average time required for a sma piece 0 wood to tra ve- e
a measured distance in the stream.

The volume of flow was calculated from the equation of Ell1bO(j.

(1927) which contains a factor for correction of "bottom drag." )'
The colour of the water was determined by comparison with

series of coloured glass plates which had been calibrated against a
set of platinum cobalt standards (U.S. Geological Survey, 1902). a

TABLE 2.-Periods during which collections were made at the stations in
1938, 1939, 1940, and 1941.

Station
number 19401939 19411938

1 May 31· Sept. 18 May 17- Sept. 11
2 May ~5 - Sept. 18 May 17- Sept. 11 May 11- June 30 May 8 - June30
3 May 25 - Sept. 18 May 17- Sept. 11 May 12- Aug. 31
3a May 11- Aug. 31 May 8 - June 30
4 June 6-Sept.18MayI7-Sept.llMay25-July 22 .....
4A .. ... .. ..... July 3 - July 13
4B July 3 - July 13
5 June 29-Scpt. 17 June 6-Sept. 11 June I-Aug. 31
6 June 29-Sept. 17 June 6-Sept. 11 May 12-Aug. 31
7 June 29 - Sept. 17 June 6 - Sept. 11 May 11- Aug. 3]

The dissolved oxygen was determined by Miller's method as
. f thedescribed by De Laporte (1920). The percentage saturation 0 .

. d L d' ble : correctIOnwater was obtained from Roscoe an .un t s ta e, no
was made for variations in atmospheric pressure. _

. I mparaThe pH was determined by means of a Lamotte opttca co
tor (Lamotte Co., Baltimore, Md.).

Oxygen the
d h ghoutThe water at all the stations was well oxygenate t rou con-

summer season with a general increase in the dissolved oxygen rnber.
.' fAt d ] to Septe "tent occurnng during the latter part 0 ugus an in e 1/,

In 1938 the values ranged from 5.6 cc/I at station 1 on JlI
n

cou-
to 9.8 cc/J at station 2 on September 9· The dissolved OXyge~at 3t

. 1 h' h than ttent of the water at station 2 was consistent y Ig er
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ther stations and probably resulted from the photosynthetic ac-
~~ 0 of aquatic mosses which covered the rocks at the station site.
~'~he percentage saturation in 1938 ranged from 84 at station 3

JulY 16, to 112 at station 2 on September 9; the average sum-
oil value at each station approximated complete saturation.
JIld'

Hydrogen Ion Concentration
The water at all the stations was acid in reaction with a range

of 6.1 to 6.7 recorded during the summer months of 1938.

Type of Bottom
The bottom at stations 1, 2, 3a, 4, 4a, and 4b consisted of rubble

and rocks overlying coarse gravel. Station 3 was characterized by this
same type of bottom during 1938 and up to the end of June in 1939.
However, at this date beavers constructed a dam across the stream,
100 yards below the station, which reduced the rate of flow and altered
the nature of the bottom since sand, silt, and organic detritus were
~sited among the rubble as the transporting power of the stream

reduced. This condition persisted throughout the remaining years
of the investigation.

A thick layer of soft muck constituted the bottom at station 5
d was made up of fine inorganic particles along with a considerable

lII10unt of decaying plant remains. Station 6 was selected on a gravel
born with the individual pebbles averaging about ~ of an inch

greatest diameter. The bottom at station 7 consisted of fine sand
which 10.9, 72.6, 15.9, and 0.6 per cent was retained in number
• 40, 80, and 200 standard sieves, respectively.

Flow
dunA permanent flow of water was maintained at all the stations

ting the four summers of the investigation with the exception of
1938~n 1 where an intermittent flow occurred in the midsummer of

::::'e rate and volume of flow at the riffle stations increased down-
10 from the Source region, represented by stations 1 and 2 to

Wer la '. . ''on 4' rge river region of the system which was represented by
I . The rate and volume of flow at stations, 5, 6, and 7 were

I:w:e~ated to the types of bottom existing at the respective sites.
~ values at all seasons were recorded at station 5 and in-

t rough station 7 to station 6.
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Maximum conditions of flow prevailed at all the stations du .
the spring flood period in May of each year. After the flood the ~Ing
gradually decreased and minimum values generally were recorda\\'
in late July and early August, although this depended largely ed
th~ ,:eather. Severe thunder~torms or prolong~ peri~ds of stea~n
ram induced secondary maxima of short duration which sirnulate~
the spring flood' in the small source streams.

Depth
In general the average depth of water at the stations increased

as the distance from the source region increased. The lowest value
was recorded at station 1 and the depth increased through stations
2, 3a, 3, and 4 under normal conditions. The depth at stations 5 6
and 7, which were characterized by different types of bottom, de-
creased from station 5 through station 7 to station 6 as the size of
the bottom particles increased.

A typical record of the seasonal change is shown in figure 1,
Sprules (1941). There is a rapid decrease during Mayas the spring
run-off subsided, followed by a long period of steady decrease in the
summer months during which time minor fluctuations occur, de-
pendent on local rainfall. A slight increase in depth was observed
in the early fall season which was probably related to the decreased
rate of evaporation.

Colour
The water at all the stations was brown, a condition which exists

in most waters of this region. The values obtained from water samples
. 4 on

taken during the summer of 1938 ranged from 27 at statIOn
. SUtluner

August 11, to 145 at station 3 on July 16. The avera~e The
values for 1938 ranged from 32 at station 4 to 115 at station 3. an
relatively high values found at station 3 probably resulted from it
increased amount of dissolved material added to the water. as
meandered through the open meadow above the site of the statIOn.

Temperature day,
h stati d t . ed once aThe water temperature at eac station was e ermm . cotT!-

in most cases at the time the station was visited. Thus a direct t bt, .. uld nO
parison of the temperatures at the different stations co t f{eetJ
made, as there was an average time lapse of about 3 hours be v
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tbe times at which the first and last stations were visited each day.
10 order to minimize the effect of this difference in times of observa-
bOP, the average of all the temperature ~eadings obtained from a
station for a co~plete summe~ was determined, along with the aver-
age time at v•.-hich these readmgs were made. The average summer
_perature at station 3, for the same time of day, was determined
frOJll the charts of the constant recording thermometer which was in
operation at this station throughout the four years of the investiga-
tion. The difference, in degrees Fahrenheit, between the average sum-
JDeI' temperature at each station at a specific time of day and the aver-
ace summer temperature at station 3 for the same time of day, was
clettrmined for each year. The average of these differences has been

to obtain an index of the temperature relationships of' the
rions,
The average summer water temperature at the rocky riffle stations

9bich were selected at different distances from the source, increased
stream from station' 2 through stations 3a and 3 to station 4.

Or the complete period of the investigation the average temperature
station 3 was 62.0 degrees Fahrenheit. The temperature at station
averaged 6.1 degrees lower than station 3, station 3a averaged 1.7

ees lower than station 3 and station 4 averaged 5.4 degrees higher
station 3. Although station 1 was located close to station 2 in

Upper section of the stream, the average temperature was only
.3 degrees lower than that at station 3. The relatively high tempera-

pr~vailing at this station, when its position with respect to the
e IS considered, was dependent on the intermittent nature of the
at the station.

The average temperature differences between stations 3 5 6 andhi h ' , ,
le were selected close together in one section of Mud creek,

o desrnall. The tem~era:ure at station~ 6 and 7 averaged 0.2 and
~e grees Fahrenheit higher than statron 3 while at station 5 the

rage t 'Th ernperature was 0.4 degrees lower than that at station 3.

tic e largest diurnal temperature fluctuations were recorded at
n 3 d .

~ unng the latter part of July and early August each year
~O;nted to 17_5 degrees Fahrenheit in some instances. The
e Uctuations at station 2, which was situated close to the

tr ' and at station 4 where there was a much larger volume of
, were s 11 han : .rna er t an at station 3. The maximum water tempera-
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ture recorded during the investigation was 85.0 degrees Fahrenh .
which occurred at station 3 on August 16, 1938. Although the avelt

. 4 h h er;age summer temperature at station was greater t an t at at stat"
3, the maximum temperature found at the former station was 0I~n

79.5 degrees Fahrenheit. n y

The same seasonal trend of water temperature prevailed at 11
the stations and consisted of a rapid increase during May followed ~
a prolonged period of more or less constant high summer temperatu/
and a rapid decrease in September. The temperature at station 2 wa~
lower than at station 3 at all seasons although a much greater devi-
ation occurred in the summer months than in the spring or fall. The
average temperature at station 4 was, in general, higher than that at
station 3 but during May each year the converse relationship existed
resulting from the greater volume of water to be heated at the former
station.

In order to obtain an index of the annual temperature variation
in the stream, the accumulated temperature above 32.0 degrees Fah-
renheit was determined for station 3 from June 1 to September 13
each year by summing the average of the daily maximum and mini-
mum temperatures. Although the total accumulated heat varied sig-
nificantly from year to year when the values at some particular date
during the summers were compared, it was found that the total ac-
cumulated heat acquired by the stream over a long period showed
little annual variation. Values of 3,470, 3,450, 3,240 and 3,470 day-
degrees were obtained in 1938, 1939, 1940, and 1941, respectivelY,
It is probable that the small annual differences observed would be
reduced if the early spring and late fall temperatures, from ice break-
up to freeze-up, were included in the compilation of these figu~es.
Thus it would seem that the total heat budget in any specific sectl~n
of a stream shows little annual variation although the seasonal dl~-
position of the heat may vary considerably from year to year depen -
ing on annual climatic differences.

BlOLOGICAL CONDITIOKS

Apparatus and Methods
. .. ., intra-

The cage-traps (figure 4) used 111 this investigation wer~ '!11i-

b hi In 51duced by Ide in 1937 (Ide, 1940), and have been used y un
Jar stream studies since that time.
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In general, collections were made daily but during the summer
of 1938 the cages at stations 5, 6, and 7 were left in position in the
stream but were visited on only two consecutive days each week. In
th' latter case the cages were cleared the first day and a collection
;e the second day which thus represented the insect emergence
for the preceding twenty-four hour in:erval. Further modifications
f the general method were used at stations 4, 4a, and 4b, where oc-

~ona1 diurnal series of colleotions were made in 1939, 1940, and
1941. These collections were made at one-, two- or four-hour inter-
als for a twenty-four-hour period.

In the examination of the collections the Plecoptera. Ephemerop-
tera, and Trichoptera were identified with species whenever possible.
These orders were selected for specific determination since they con-
ltituted by far the greatest volume of material in the collections. The
mnaining aquatic insects collected were identified with family only.
In the ensuing discussions of the quantitative distribution, the total

emergence has been considered under six separate headings,the
Plecoptera, Ephemeroptera, Trichoptera, Chironomidae (Diptera),

. uliidae (Diptera), and "Miscellaneous." The last heading is
posed of a heterogeneous assemblage of insects which occurred

relatively small numbers in the collections and includes Empidae
Diptera), Ceratopogonidae (Diptera), Tipulidae (Diptera), Hem-

trobiidae (Neuroptera), and Coenagrionidae (Odonata) for the most

Sotwces of Error

There are several sources of error associated with the cage-trap
~ of collecting aquatic insects. Many of these have been pointed

y Ide (1940). These, briefly, are the introduction of biting in-
. on the person of the collector, the drifting in of occasional ter-

rtdu ~ fo~s, passage of small species through the mesh of the cage,

P
~dlonIn numbers after emergence by the predation of spiders and
1 ae ", occasIOnal escapes when the case door is open shading of
enclOsed d "bl h. 'tou h a: area, an POSs! e destruction of the aquatic stages

hg dIsturbance of bottom when the collector moves aboutc-teca . .
.1'h utions were taken to reduce those errors as much as pos-

IllaJ. e POpulation of biting insects was taken as double the number
es, which do not bite and thus are not likely to have entered
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on the collector. Terrestrial insects were disregarded. The cag
tapped to free the door of insects before it was opened. A sea~was
constructed in one corner of the cage to reduce the necessity of ;.<15
turbing the bottom. IS_

Certain observations were made during the current investigati
which supplen:ent the previous fi~din~.s. Ide's estimat: of 200 as ~~
probable maximum number of Simuliidae to be carried into a ca
d . b If" geunng a season appears to e ow or some situations. A new esti-
mate of the number of insects to enter a cage in this way was obtained
from analyses of the collections made at station 5 in 1939 and 1940
This station was characterized by deep, quiet water and a mu~
bottom while the larvae and pupae of Simuliidae are found in gen-
eral in shallow, swiftly-flowing sections of a stream with a rocky
bottom. No male individuals were found in the collections while a
total of 548 and 826 females were collected in 1939 and 1940, re-
spectively, the majority in both years occurring in the month of June.
Under the circumstances it may be taken that virtually all these in-
dividuals were carried into the cage by the collector.

The modification of the method of taking daily collections used
in 1938 (page 30) created an error in the total number of insects
collected at station 6 in that year. A total of 1,942 insects were col-
lected of which 1,753 were Chironomidae (Diptera). These num-
hers are in error since for a short period in midsummer the number
of Chironomidae present the day the cage was cleared each week was
so great that these could not all be removed in the time available to
complete the collection. Thus, although the collector concentrated on
the .removal of the representatives of the other insect groups ,and
succeeded in removing all these, a certain number of Chironom1dae

were left and these augmented the number of insects collected ~~
following day. This particular instance was the only one in Wbl

such a discrepancy arose since at all other stations the clearance frofll
the cages was complete each day, ice

A previously unrecognized error which results from the pra~Uht
of collecting from the cages only once each day was brought to. Igof
from the results of a diurnal series of collections made at the s~t;39,
station 4. This error is perhaps the most significant of all. I~ a.J1l.
two series were run at two-hour intervals, the first from 11. saJ1le
August 4 to 11.00 a.m. August: 5 and the second during the
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on August 14 and 15. In 1940, a similar series was run on
54 and 5. The results of these collections showed that the num-
of insects collected over a twenty-four-hour period during which

I DAILY COLLECTION

~ HOURLY

~ 4 HOURLY

LEGEND

17

FIG. 5 T .
tio . he total insect emergence for twentv-four-hour periods at

ns 4a and -lb f J ..'fk.c . rom uly 3rd to 13th inclusive, 1941, showing the resul ts
tlng the cages once a day, every hour and at four-hour intervals.
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collections were made at two-hour intervals was more than d
. II . oublethe number obtamed when only one co eotion was made in tw

four hours. enty_
A somewhat more elaborate experiment was carried out f

h . ~~
July 3 to 13, 1941, to estimate further t e Importance of this er

Two cages were placed in close association in the stream der?r.
, Slg_

nated as station 4a and 4b, and collected alternately once a day and
every hour for a period of four days and thence alternately once
day and every four hours for a period of four days. Thus each da

a

one cage acted as a control for the other with respect to the dail~
method of collecting. Once again, in every instance, the hourly and
four-hourly collection showed a marked increase in the number of
insects that emerged in a twenty-four-hour period over the number
obtained from daily collections. This increase amounted in some cases
to more than double the number (figure 5). The total increase was
made up for the most' part by individual increases in the number of
Chironomidae (Diptera), Baetinae (Ephemeroptera), and Hem-
erodromia sp], (Empidae, Diptera), insects of small size. Less pro-
nounced numerical increases were shown by other groups such as
Chimarrha sp p, (Philoptomidae, Trichoptera) which are larger in
size.

It is probable that the numerical increase described above was the
resultant of the interaction of several factors. When collections were
made at short intervals throughout the day, the H enierodronuo, which
prey upon other small insects, were constantly removed fro~ the
cages before they were able to reduce the numbers of the Chlron~
midae and Baetinae. This would tend to increase the numb~rs °d
the last two OTOUPS in the collections. Further, the H e11lerodromllJ anss
many of the "'Chironomidae were of sufficiently small body size to p3at

. . th e insectsthrough the mesh of the screenmg. Thus removing es . and
short intervals would decrease the probability of their es~plng 'taflt

. . Th st Importend to increase their numbers in the collections. e mo hortly
. " .. f 11 the insects s nilsingle factor seemed to be the intense activity 0 a 7.""

d trent from .after they ernerzed from the water an was mos appa tera III
'" E h eropp.m. to 12.00 p.m. During the evening hours the p em were fol-

the cages were almost constantly on the wing and these ed We
.' . h hi ch show .hI!lowed later by the Chironomidae and Tric optera, will to 1"-

same phenomenon. This activity caused many insects to fa
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surface and be carried out of the cages by the current. Col-
~r at short intervals reduced this possibility and tended to in-
ng the numbers of all the groups in the collections.

~ is desirable that a correction factor be established to meet the
resulting from the causes discussed and perhaps others re-

f!1fO! ible for the discrepancy between the results shown by daily and
::: frequent collecting methods. This is imposssible at present as a
result of the limited amount of data at hand. The diurnal series of
cDlIections ha:re ~hown that the quan~itative resu~ts obtained in this

investIgatIOn are too low to grve a true picture of the actual
emergence that occurred at the stations. However, since the

ods of collecting used fall into a standard pattern, the number
insects collected at each station is probably uniformly relative to
actual number that emerged. Thus the results of the investiga-
are significant for comparative purposes without application of

eorrection factor for this error.

The Diurnal Enierqence of Insects from a Rapids
The method of making collections from cages at frequent intervals

hout a twenty-four-hour period, which has been discussed pre-
y, provided data on the" diurnal emergence of insects from a
riffle in the Madawaska river. A detailed analysis was made

the hourly collections taken at stations 4a and 4b from 11.00 a.m.
3 to 11.00 a.m. July 7, 1941.

Iu each twenty-four-hour period the hourly emergence was small
~idnight up to an hour or two prior to sunset (figure 6). Dur-

thiS period there were only minor fluctuations in numbers withItli . ,
ntrnu:n emergence occurring between 3.00 and 6.00 p.m. The

g~ce increased suddenly between 7.00 and 9.00 p.m. and built
rapidly to a maximum at 11.00 p.m. This was followed by an

. decrease at 12.00 p.m. and thence returned to the low early
Ing "

emergence level. An average of 60 per cent of the total
ence occ d i h f ho .Th urre 111 t e our- our interval between 8.00 and 12.00

h e same cycle was found in the diurnal collections made at
OUr int I' 9. erva s m 1 39 and 1940 and at four-hour intervals 111

~~ separate insect groups showed differences in the time of
III emergence during a twenty-four-hour period. The Ephem-
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eroptera emerged, for the most part, between 7.00 and 10.00
although occasional individuals were obtained in the collection P·Ill.,

during the late morning hours and early afternoon. The maS .~

emergence of Trichoptera and Chironomidae occurred betwee:l~UIll
and 11.00 p.m., and the coincidence of the separate maxima of t~'OO
two groups was responsible for the 11.00 p.m. maximum obse tst
when the total quantitative emergence of insects was considered. ;:
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FIG. 6. The total hourly emergence of insects and water temperature i:
degrees Faharenheit at stations 4a and 4b from July 3rd to July 7th. 194 ,
beginning at noon.

these groups continued to emerge in reduced numbers throughout.~
day and night. The Simuliidae emerged throughout the dayli~1II
hours and in general were absent from the collections made d~5
darkness. The Empidae ("Miscellaneous") emerged in small n: afld
during the early afternoon, reached a maximum between 7. . 5 of
9.00 p.m., and did not emerge during the night. A single speC1e9.~
Plecoptera was obtained during this study and it emerged frorn
p.m. to 1.00 a.rn. with its maximum emergence at 11.00 p.m.
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ore detailed analyses of the hourly collections disclosed that
species within anyone group of insects emerged at specific times

daY, For example, of the Ephemeroptera obtained during the
. 'gation at stations 4a and 4b, Pseudocloeon virile was taken
,~ the 4.00 and 5.00 p.m. collections; Ephemerella sp, emerged
III 7.00 and 8.00 p.m.; Baetis sp, (near pygmaeus) between
and 9.00 p.m. with the maximum in every instance between 8.00
9.00 p.m.; Baetis flavistriga, Leptophlebia uolitans, Stenonema

:, and Stenonema luteum showed their maximum emergence
9.00 and 10.00 p.m.; and Stenonema heterotarsale emerged
10.00 and 11.00 p.m. The relation of the times of emergence

tbese species was observed each day at both stations. One ex-
was found in that Isonychia bicolor emerged between 7.00 and

p.m. in general, but on July 4 at station 4a this species emerged
7.00 and 9.00 a.m.

The maxima of temperature and insect emergence did not coincide
17 twenty-four-hour period. The maximum temperature occurred,

eral, between 3.00 and 5.00 p.m. and the minimum at about
a.m., while the maximum emergence occurred at 11.00 p.m. The
ence began to build up to this maximum between 8.00 and 9.00

which corresponds with the onset of sundown and indicates that
inal impetus for emergence is related to a decrease in light in-
ky. It is probable that temperature is of importance in completing
-development of an insect on a specific date but emergence does

r until the following period of decreased light intensity which
to stimulate activity and result in the completion of the aquatic

of the insect.
er investigators have obtained similar results regarding the

of emergence of aquatic insects. Miller (1941) found that the
,ce of Chironomidae from shallow water in Costello lake, AI-
In Park, occurred between 4.00 and 7.00 a.m. (Standard

lin the deep water the emergence was equal throughout the
W.tt and Opdyke (1941) investigated the emergence of insects

mona lake, Indiana, and found that the Diptera emerged, for
f t Part, between 6.00 and 12.00 p.m., with in one case a smaller
rOm 4.00 to 6.00 a.m. (Standard Time). They state that the

, ~tera emerged during the first part of the night, in general.ibut
ew emerged during the day.

12
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The results of the present investigation showed conclusivel
the diurnal insect emergence reached a maximum between 10.& that
11.00 p.m. in a typical rapids in the Madawaska River. It cann and
assumed, however, that this relationship holds for other Stream Ot be

S· diff s nOrfor other seasons in the same stream. mce I erent species em
ifi . . f ergeat different times of day, the speer c composition a the bUlk

emerging insects would affect the time of maximum emergence in ofany
specific section of a stream.

The Effect of a Freshet on the Insect Fauna of a Stream

During a study of the distribution of insects on different types of
bottom, a condition arose which afforded an opportunity of determin_
ing the effect of a sudden freshet on the insect fauna of a stream. A
beaver dam, situated at the outlet of "Castalia" lake, broke suddenly
on May 25, 1940, as the result of increased pressure brought to bear
by the rise in lake level following an extended period of heavy rain-
fall. The water level in the lake dropped 3 feet during the day and
this enormous volume of water cascaded down Mud creek, overflow-
ing the banks and causing considerable damage in that area. This con-
di-tion of flood prevailed for 7 days as the water subsided gradu~ly
and the stream finally returned to a normal flow. During this period
large rocks were observed rolling slowly downstream and gravel

d d . d i w areasand sand sections were moved as a whole an eposite J11ne . '
. .' h ber of In-Since the freshet occurred III the early spnng, t e num ,

. . d 11t detertnlne
sects emerging each day pnor to the floc was too sma 0 f ct

. ith hi s the aits immediate effect on the population. Coupled WIt t IS wa, the
that the cages could not be maintained in the stream dUring, ed

fl d deteI11J1nheight of the flood. However, the result of the 00 was ner-
. ,. 6 d 7 for the r-by comparing the insect emergence at stations o, , an .•.•31

id d a nO['"iod June 6 to August 31 in 1939, which may be consi ere
season, and in 1940 (table 3). .' . n 5 corre-

The total insect emergence for this penod at statIO. di idualS
sponded closely in the two years, .with 1,932 and 1,827 I:/:ent ill
emerging in 1939 and 1940 respectively. a decrease of 5.6 P t part'

f the maS .I
the latter year. This decrease probably represents, or 'tUateo

. a551
annual variation in the insect emergence, since the statIOn W where

id f h 'current,in a deep, slow-flowing pool, to one Sl eat e rnam
the effect of the freshet would be minimized.
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JlL£ 3._Number of insects that emerged at stations 5, 6, and 7 from
'f~ to August 31, 1939 and 1940.

Station 5 Station 6 Station 7

1939 1940 1939 1940 1939 1940---- O· 1 105 10ptecoPtcra. . . . . . 7 5
ifIIeJllcroptera .. 608 138 191 64 385 28
'fricb0ptera. . ' . . 56 110 34 36 15 20
()iroDomidae ... 1,247 1,575 1,187 595 1,360 757
SJiwliidae. , .. :, . 0 0 590 562 10 18
~ilceJlaneous . 21 3 88 29 34 44

-:~. Total.., ... 1,932 1,827 2,195 1,296 1,811 872

Stations 6 and 7 were located in the centre of the stream in a re-
'vely shallow section where the physical effect of the freshet would
maximal. A total of 2,195 and 1,296 insects emerged at station 6
1939 and 1940 respectively, a decrease of 41.0 per cent in the latter

. At station 7 a total of 1,811 and 872 insects emerged in 1939
1940 respectively, a decrease of 51.9 per cent in the summer
in~ the freshet. Thus when these percentage decreases are com-
WIth the 5,6 per cent decrease noted at station 5, which repre-
the probable annual variation in numbers, it is apparent that

. freshet brought about a significant decrease in the summer popu-
at stations 6 and 7. .

The total numerical decrease observed at stations 6 and 7 in 1940
ted from th . di id 1e III IVI ua decreases in the numbers of Plecoptera

eropter d Chi . 'U di a, an ironornidae, for the most part, while only
lfi'erences f d' h111"d were oun III t e numbers of Trichoptera and

ogllae that emerged each year. The "Miscellaneous" group is too
eneous to b di d . factori bth f e iscusse satis actorily. These results indicate
e onns with f "

Y , I ree-roving Immature stages were reduced num-
whIle th ith heciabl ose WIt attac ed larvae and pupae were not affected

1'be Y by the freshet. .
been

rOle
played by freshets in decreasing the population of a stream

elJr~~~;ted by several investigators, including Needham (1927),
it h 7), Surber (1938), Stehr (1938), and others, In gen-

as been f d th duri .oun at unng penods of high water in streams
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many of the bottom organisms are forced from their ecological .
. ited i 1 flowi 1 nichecarried downstream and deposite in s ow- owmg poo s. If the gt .'

ent in the stream is gradual the freshet may detach only the in adl_
. bottom narti sectsthat are free-roving on the surface of the ottom particles, but if h

gradient is steep even those forms that adhere tightly to the part. tl e
IC es

will be moved and thus .dislodge or crush the insects present. Stehr
(1938) reports that senous floods may carry much of the inverte_
brate fauna away while the population is restored by minor flood
washing individuals into the area and by migration back to the area~
Needham (1927) placed a drift net across a stream during a spring •
flood and found that almost every kind of aquatic organism found in
the stream was washed into the net. The majority of these were in-
jured by the grinding action of the bottom particles and even larvae
of Simuliidae, which normally live in fixed positions in swift water,
were found in the net. Tarzwell (1937) found that a severe spring
flood in streams of the Tonto Forest in Arizona reduced the amount
of "bottom food" by almost half. This figure is in close agreement
with the 41.0 and 51.9 per cent reductions in emergence obtained in
the present study. .

The results of this investigation showed that the number of 111-

sects that emerged from a scoured section of a stream, following a
severe freshet, was considerably lower than would be expected under
more normal conditions. It is probable that the number that do
emerge from such an area is made up of insects that were able ~o
withstand the increased flow and maintain their original positi~ns hiO

. . h deoos' ted 111t ethe stream or find suitable shelter, insects t at were eposl .
. bli h th mselves Inarea as the freshet subsided and were able to esta IS e .

. .. h to obtaInthe new habitat, and insects that migrated into t e area
more suitable environmental conditions. . haUow

The effect of freshets on insect populations is profound 111s £feet
sections of streams and areas with unstable bottoms, whil.e the ~able
is greatly reduced in deep sections and areas with relattvely Sooth

b . . . bvi since srnbottoms. One exception to this generaltzatlOn IS 0 VIOUS. atJ1S,
f b f d 111strebedrock, although the most stable type 0 ottom oun . fauna

offers no protection during a freshet and the meagre 111sect a".
. . d be oui kl shed aW I.associated With this type of bottom woul e qUIC y wa.. speCIeS

Within any particular habitat, the resistance of the ~XISt111g·es aft

to freshets is related to the' r mode of life. The free-rovtng speC!
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. y dislodged t~nless a~le to acqui~e pr~tection in the lee of bottom
·des or in crevices, while the species With attached larvae or pupae
burrowing forms are able to withstand a much greater current.

.,ever, these species are just as vulnerable as the free-roving types
°the destruction wrought by molar action which accompanies severe

ets in areas where the bottom is unstable.

The Effect of Intermittent Flow on the Insect Fauna of a Rapids

Many of the smaller streams of the Algonquin Park area are
racterized by an intermittent flow and depend on run-off water

d overflow from ponds for their volume. These streams assume
iderable proportions during the spring flood and in periods of

local rainfall, but are reduced in size and in many cases dry
eompletely as the summer drought period sets in. A small flow

restored to these streams in the late summer and fall seasons.
Station 1 was situated in such a stream and here the volume of

was dependent on the volume of water maintained in a beaver
above. The stream dried up completely for periods during the
er of 1938 but was not completely dry at any time in 1939. An
igation of the insect fauna at the station was carried out to de-

. e to what extent an intermittent flow and desiccation affected
insect population.

itative Results

The insect emergence, when compared in 1938 and 1939 showed
00 differences, and these were directly related to the relative dry-

of the stream bed in the two years. A total of 5,017 insects
goo from June 1 to September 11 in 1938, of which 4,003 or
per cent of the total emerged prior to July 17, at which date the

bed at the station became dry, while 1,014 or 20.2 per cent
ed after July 17. The total emergence for the same period in
Was 4 899 . divid 1 .otat ' 111 IVI ua s, which shows that annual variation in

in emergence was slight. However, the seasonal distribution of
sect eme diff d . .Or rgence I ere significantly in the two years, since

tent 66.8 per cent emerged prior to July 17, while 1,627 or 33.2

ede.merged after this date. In both years the majority of insects
In th . d Jtot I e perio une 1 to July 17, but a greater proportion

• a emerged after July 17 in 1939 than in 1938. This relation-
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ship between seasonal emergence and continuity of flow was th '",=a> 0 t-- '<:t< a> ....•suit of definite changes in the different insect groups which Wer ere, ci 0"" ~ ""
....•..,a> .....

more directly correlated with the nature of the flow. e eVen ""
e: •...•a> ~....•

All the Plecoptera, Ephemeroptera, Trichoptera- and Sin1ur. -0 ~Uoo.e: .~ c¢ It;) a> t-- 0 ..•.
that emerged in 1938 (table 4) were collected prior to July 17 ll:ae '" ;;E;:; ..•. ....•

""
..•.

00

""in 1939, 32.1 per cent of the total number of Plecoptera, 35.2 per
w

lie a>....•
of the Ephemeroptera, and 9.0 per cent of the Trichoptera eme~ent .5 "'a> ....• t-- ....• ..•. 0

"''''' ....• e- t-- co ..•.
after July 17. In 1939, as was the case in 1938, there were no sf~ ....• -0 a> ~ ee q ~....• .§': N ....•
uliidae collected at the station after July )7, but since this group co:,

I....,
.D c
6 .g~ co C'-I

"" ~ co
pleted its emergence early in June each year, it is impossible frollJ ....• ....• t-- ~ "".., ..c:a> ~ .q,

""
It;)...,

the results of this study to determine whether or not the drying up of 0. u....•~- ....• .;.., -0
(/) ·00a stream would affect its emergence. It seems probable from a COn- 0

...,..., a> =
sideration of the preferred habitat of the Simuliidae that this group 0....• ..,"" C'1 0 0 0 0"'a> 6.., ~~should be included with the Plecoptera, Ephemeroptera, and Trich, e: 0

= "500
..!::

opt era as representative of groups unable to withstand desiccation, at
...., co 0 0 0 0 ..,
6 6"" ~ U.- a> ....• e:least in their active aquatic stages. 0 (/) ....•

'"..!:: I.....
The remaining two groups, Chironomidae and "Miscellaneous," ....• e:..,

were made up of individuals which were able to survive the desicca- c: ~a> -0.~ ~ ..... 0 •..• ..,
~

..,"" ....• ....• ....• c:
tion, at least to some degree, since considerable numbers were col- -'a> ..... .c;0. •...•

'" 0 eo
lected after the stream became dry in 1938. Twenty per cent of the .•... ~~ >.

'" 00 ..•. ....• ....• 0 :0I.. a> * *total emergence of Chironomidae in 1938 occurred during the period
.., E-< •••.• '"Uc .D.., 0July 17 to September 11, and 34.7 per cent emerged in the same per- bO I..... '" p....., I..

iod in 1939. Part of this difference may be a result of annual variation 6 ..,a> ~ ..•. t-- 00 ..•..•... "" co 0 a> 00 ....•.., o.a> ;>•
in the seasonal emergence but it seems probable that, for the most ..., 2..... "" I..

U -0.., ..,
inpart, it represents a reduction in the population occasioned by the so 600 '"c: ..,,,,, 00 •.... 0 0 0 ~..c:a> ....• '<:t<desiccation in 1938. 3 0. ••..• -0

W ..,
Of the total number of "Miscellaneous" collected in 1938, 55.9 0 .D...,

6
per cent were obtained in the period July 17 to September 11, while

..,..c: ",a> '"..., 1.."" ..... It;) 0 t-- 0 ..,..,a> ee ..... 1::. . h . d j 1939 ThIs '0 ..., ..... soonly 13.3 per cent were obtained In t e same peno In ..
'"

0. ..,0
apparent lack of correlation between the reduction in number of 10; ·00 uoo -5>. "'ct:> ..•. 0 0 0 0-;;; -a> •..•

~sects and intermittent flow resulted since the individuals in this groU p... •••.•
c: ...c::

were not identified beyond family, and likely many individuals ~~ 1 ~
-0

b d dun ..;1 ..,...,tered the cage from outside by crawling along the stream e 938) bl -0 0 t-- ....• •... ....• u
the dry period and were, therefore, not truly aquatic. Stehr (1 pct

...l 0 <? ....• ct:> <? .-: ~
ell .;:; ~ 0..: ....• ....• ....• ......., •... ureported a rapid influx of terrestrial insects on to a stream bed 0

E-< ~ ..; *.., .-. b biJc 0.iJ;thJ\ = :; = = ..,
'Female individuals were collected while the stream was dry and pro

....., ....., ...., < (/)

gained entrance to the age from outside.



it became dry, and this corroborates the above supposition since
forms would be included in the collections from the cage and sUch
families which had aquatic counterparts would be included . tho~

In thquantitative totals. e

Qualitative Results
There were seven species of Plecoptera found at station 1 incl

ing Nemoura uenosa, Nentoura serrata, Leuctr~ du~licata, Allop;t
niedituui, I soperla .monta1~a, N emoura puncttpenms, and LeUctra
decepta. The first SIX species were early summer forms which COI11_
pleted their emergence before July 17, and thus did not show the
effect of an intermittent flow. Leuctra decepta, on the other hand
which emerges during the late summer, was not found at the statio~
in 1938 but was present in 1939 (figure 7), indicating that it was
eliminated in the former years as a result of the drying-up of the
stream.

There were six species of Ephemeroptera found at the station,
These fell into two main categories, one represented by Baetis brun-
neicolor (figure 7) and Centroptilum. convexum which completed
their emergence in the early summer and thus were not subjected to
the drying in 1938, and the second by Leptophlebia debilis (figure 7),
Baetis sp, (near pygmaeus), H eptaqenia pulla, and Stenonemc caro-
lina, species which emerged later in the summer and were eliminated
at the station in 1938.

There were thirteen species of Trichoptera found at the statio~
of which Hydropsyche betteni, Diplectrona modeste, PsychomytIJ
diversa, Lepidostoma sp., Limnephilus consocius, Dolophil1ts m~est":f
Polycentropus pentus, Polyceniropus maculaius, and a SpecIesheir
Hydroptilidae emerged early in the summer and had comple~ed t a-

. d'd' de Illfonnemergence by July 17111 both years and thus I not provl , tottID

tion on the effect of an intermittent flow on the fauna. LeP£:10s and
1 .. CI' h aterr~1IIa,qrisea (figure 7), Clieumatopsyc ie pettin, wnusrr a d'd not

Polycentropus confusus emerged after J~ly 17 in 193~, butf :pecies
emerge in this period in 1938. Thus this group consIsts 0

which were eliminated when the stream became dry.

Discussion hefll'

It has been demonstrated, especially for the Plecoptera, Eh;t tlte
. h Chi idae, teroptera, and Tnchoptera but also for t e ironorn
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, stages of insects belonging to these groups are eliminated en-
tJ~r reduced numerically when a stream dries up. The first three

have a low tolerance for conditions associated with an inter-
t floW and were either killed or forced to migrate from the

as the drying became complete, while the last group seemed to
d or avoid desiccation, at least to some degree. Since many of_ro.-'

ORY 1938
IssE_---I

-_1938_

' [LEUCT ..
DECEPTA

1939..
S

sE .938 LLEPIOOSTO"'"
CRISEA
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BAE T r s
BR UNN£ ICOLOR

40

L EP TOPHL £ B I A
D£8IUS

1938

1"939

15 30 30 IS 30 is
"'Y JUNE
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~7, Emergence polygons of representative species at station 1 in 1938
in' shOwing the effect of the drying up of the stream on July 17th, 1938, .

sect emergence.

'ronomidae are known to dwell in the small interstices of the
Partie! "

11 des, It IS probable that these were able to retreat to moist
thn er large rocks and here obtain sufficient moisture to corn-

e aquatic . f hei .~ ' portion 0 t err life-cycles. The numerical reduction
""lln the . .

ith emergence of this group after July 17111 1938 as com-
that of the same period in 1939 probably represents the

unable to h' bl . h .secure sue suita e micro abitats,
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It was observed during the summer low-water period in
that nymphs of Leptophlebia debilis, a species that was eliminat

19
39

he drying in 1938, moved gradually towards the centre of the s~d hy
as the water receded from the margins. Thus the number of ny ealll
per unit area increased in the mid-channel and the original wid l11p~s

ih . h b d e dls_tri ution over the w ole stream e was changed to a concentr
distribution where the conditions were most favourable. If the dr a~ed
process continued and was carried to completion, as was the ca.:~g
1938, the distribution of nymphs would become more and more ~ In
centrated until competition for some necessity of life or complete on:
posure to air would ~liminat.e them enti~ely or force them to migr:e
up or downstream with the linear recession of water. It is not possible
from the results of the present investigation to limit the distribution
observed to the effect of anyone factor but evidence has been ob-
tained which suggests that the conditions correlated with an intermit-
tent flow of water and desiccation set limits to the distribution of in-
sects in a stream.

The lateral migration of nymphs of Leptophlebia debilis associated
with the recession of water suggests an explanation to account for the
larger percentage of the total population of Plecoptera and Ephemer-
optera, than of the Trichoptera, which emerged after July 17 in 1939.
It has been pointed out that although individuals of these groups were
absent from the collections made after July 17 in 1938, 32.1, 35.2,
and 9.0 per cent of the total emergence of Plecoptera, Ephemeroptera,
and Trichoptera, respectively, occurred after July 17 in 1939. Si.nce
the nymphs of Plecoptera and most Ephemeroptera are free-roving,
it is probable that these were able to migrate laterally, and thuS the
majority of the population was able to survive in the reduced streaJII
channel during the period of low water in 1939. The Trichopt~. d tll ••••

however, showed a much lower survival for the same pert~ ed by
either the Plecoptera or Ephemeroptera. This may be expla

tn.1d. h WOUI
the fixed habit of many larvae and pupae of this group wh1c d thUS
prevent or hinder lateral migration as the water receded an par'
only those individuals originally situated on the lower botto

t1l

ticles in the mid-channel would survive. d' g tbe
Although only scattered information was obtained. reg.ar ;~3B,it

repopulation of the stream in 1939 following the drymg 111 'bititie$
is interesting to speculate n this problem and several pOSS1

. Probably some eggs deposited in the early summer of 1938
~ able to .withstand desiccation and thus hatch and complete the
life-Cycle during' the late summer and following spring when a flow

restored to the stream. Also late summer oviposition in 1938
.,ould not be affecte? .s.i~ce a small flow was present at that time.
lIowever, these possibilities are not sufficient to account for certain
~ents of the population found in 1939. It is probable that some in-

'viduals were swept d~wnstream from the upper sections during the
ring flood and deposited at the station site, while others migrated

ream from the lower sections where there was a permanent flow.
Evidence of this phenomenon was obtained during the spring of 1939

en numbers of Plecoptera and Ephemeroptera nymphs were ob-
ed at intervals between stations 1 and 2. At each observation the

JDlphs \:ere. concent.rated in a diff~rent area and this progressed up-
with time, This was not followed in detail but the observations

d seem to indicate a slow upstream migration of these forms.
~urther, 2 speci~s of Plecoptera, N emoura serrata, and Alloperla

duma, and 3 species of Ephemeroptera, Baetis brunueicolor Stell-
. carolina and Centroptilum conuexuni, all of which emerged
ng the early summer at station 1, were also found at near-by sta-

. 2 but were absent from station 3a where the temperature con-
ons were n:ore closely related to those at station 1. It is suggested
~ later section of this paper that the absence of these species from
thon 3a was owing to the high temperatures found there. If such

froe case, .then these species probably migrate into the site of station
m statIon 2 d . th I .. urmg e ear y sprIng when a large volume of cold

. rfls present, and emerge before the water warms to a lethal level.
aunal con iti f' .•••.. lpOSI ron 0 station 1 substanttates the suggestion

••.tgration' . I:>as an active factor restormg the population to this area
Year. Stehr (1938) t h . . . .the . repor stat rmgration 1San important factor

restoratIOn of the i f "inun e msect auna to an intermittent stream. That
ature stages f certai . .at' 0 cer am aquatic msects are capable of extensive

Ions has b dbts of' een prove y Neave (1930) in a report of the move-
nymphs f Bl .A. t 0 asturus cupidus (Ephemeroptera)

otal of 26 s·· .l'rich pecies belonging to the Plecoptera, Ephemeroptera
opt era w f d . 'ntunb ere oun at station 1. This was much lower than
er found at t ti 2 3'led b s a IOns , a, 3, and 4, which also were char-

y a rubble bottom but had a permanent flow. It was found
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that the number of species at these stations was correlated with
average summer temperatures in the stream (page 68), while the n the
ber at station 1 did not follow this correlation. In comparison withu;;:-
26 species found at station 1, there were 37 species at station 2 whi e
was located close to station 1 but had a much lower temperature ch
48' . 3 h h di . , andspecies at station a were t e temperature con itions appro:>r:_
mated those at station 1. This lack of correlation resulted from t~

limitations to the success of aquatic insects associated with an int eer.
mittent flow. In such streams a highly variable type of habitat is
presented to the insect population and to survive they must be able
to withstand or avoid diverse physical conditions such as freshets
still water and desiccation. The greater number of species found at
station 1 in 1939 showed that, although a large number of species may
be present each year, only the most tolerant forms and those that
emerge early in the season are able to complete their life-cycles in
the stream when conditions become severe as was the case in the sum-
mer of 1938.

The Effect of Flooding by a Beaver Dam on the Insect Fauna
of a Rapids

The construction of the beaver dam at the end of June in 1939
transformed the shallow rocky rapids, in which station 3 was located,
into a deep sedimented pool. Thus a natural field experiment was
set up which provided a considerable amount of information regard-
ing the tolerance of different insect species to varied conditions of
current and type of bottom.

These observations have already been published (Sprules, 1941)
but because of their interest here will be briefly discussed below

There was a decrease in the total number of insects taken. in ~~
traps as the station changed from a lotic to lentic environment, WblC

could not be explained on the basis of annual variation. Not only ,,:a:
there a change in numbers but also in the proportions of the specIe!
in the catch. The Ephemeroptera which constituted about 56 per c~r
of the catch in 1938 decreased to 46 per cent in 1939 and to 12 to
cent in 1940. Similarly the Plecoptera diminished from 2 per cell:ter
about 0.2 per cent. The Trichoptera also dropped about one-q~~ of
of the initial representation. On the other hand the proporttO t in
Chironornidae increased from 31 per cent in 1938 to 84 per cell
1940.
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ith respect to the productivity of this area, the effect of the
leal reduction is more pronounced when the volume or weight

1Jt,;._"·
tbe annual emergence is considered. Both the immature and adult

of the Ephemeroptera, Trichoptera, and Plecoptera groups,
0cb accounted for most of the reduction, are larger and heavier

than the corresponding stages of the Chironornidae, which is
OJJly group that increased consistently following the introduction

Jeptic conditions.
Further examination of the material showed that the changes were
result of a differential effect on species. Of the Ephemeroptera,

°choptera, and Plecoptera, a total of 33 species were wiped out or
.::._:ea numerically in the lentic period, 15 species showed no ap-
~lIIClaDle change in emergence and 10 species appeared at the station

that time. These data indicate the existence of three main
__ )8 of species including typical lotic inhabitants which were un-

to tolerate the lentic conditions, tolerant species which were able
just themselves to either lotic or lentic environments and lentic

which were unable to tolerate lotic conditions.
As a group, the Plecoptera consisted of typical rapid-water dwel-

since 9 species were eliminated following construction of the
, 1 species emerged throughout the investigation, and there were

new species introduced when the pool conditions prevailed. The
eroptera showed a wider range of habitat tolerance since 14
were eliminated, 7 emerged each year and 7 species were

at the station only after the end of June in 1939. Of this last
some of the species emerged from the area during the late

"'lIl!!llllIlle:r of 1939, indicating that the immature stages migrated into
area immediately following the establishment of lentic conditions.
species of Trichoptera were eliminated, 7 species emerged under
sets of conditions and 3 species occurred only in 1940. The lack

°Y new species in the late summer period of 1939 indicates that
llrunature stages of this group did not migrate as readily as the

lIecoeroptera and probably were dependent on oviposition in 1939
Ille established in the lentic environment.

ore numerical reduction of emergence and subsequent elimina-
• onthe typical rapid-water species occurred immediately after the
° Illental conditions were altered in 1939. In some instances

Which \ " . .vere emerg1l1g JI1 quantity prior to the flood were en-
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tirely absent from the collections made five days after its incept'
Although representatives of the still-water fauna did enter the IOn.

. areadunng the late summer of 1939, the fauna was not established .
numbers until the following year. In

The decrease in rate of flow, increase in depth, and change in tl
type of bottom caused by the deposition of silt and other particul ie

ate
matter over the rubble as the transport power of the stream Was
duced were associated with quantitative and qualitative changes r~_
the insect fauna. These three physical factors are closely interrelat~
in streams and it is difficult to determine t~e role played by anYone
of these in limiting the distribution of the insect fauna.

It has been shown that species exhibit different degrees of habitat
tolerance in streams. The species that were eliminated from the rapids
when it was transformed into a pool showed a narrow range of toler-
ance and were species typically associated with riffle areas. Species
that were present in the area under both sets of conditions were forms
that showed a wide range of tolerance and were found in several
different habitats in the stream. Degrees of tolerance were exhibited
by the species of this group since some emerged in smaller numbers in
the lentic than in the lotic habitat while others emerged in equal
numbers in both habitats. The species that emerged from the area
only during lentic conditions showed a narrow range of tolerance and
were types that were typically found in still-water habitats. .

It is probable that the reduction in current was of importance III

the elimination of rapid-water species. Many of these are depend~t
'ld' To-on current for respiration and others, such as the net-bur mg

f d ma-choptera, are of fixed habit and depend on current to wash 00 ied
terial into the nets. Further, the deposition of silt which accompanll d

. .. h '11 f certai ies and eathe reduction of flow would mJure t e gl s 0 cer am spec. ld
I·, eCles COU

to suffocation in some instances. Many of the free- ivmg sp _~",e
. . I ditions bel.<P'·migrate from the area when the environrnenta con I I new

severe, while others of fixed habit would be unable to avoid the

conditions. . . here tbe
A wide variety of microhabitats is found in rapids W efer-

. h t how prbottom consists of rocks and rubble. Thus species t a s icbes,
b ld fi d uitable n ..••ence for a rapid flow and for rubble ottom wou n s e'lV-

. dent Of Iwhile in the lee areas species that prefer reduce curl' .•jtabe
ld find s••quiet water, and gravel or sand bottoms, also wou
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The latter species are those that showed a wide range of habitat• s.
nce in this investigation and survived under lentic conditions.

eoIetadecrease in the number of different microhabitats that accom-
~ed the change of bottom could account for the associated decrease
~e diversity of the fauna.
III It would seem that current was the most important factor limiting
the distribution of the typical quiet-water species, The rapidity with

'ch some of these types entered the area once lentic conditions were
blished indicates that they were continually attempting to extend
ir distribution but were not successful until conditions were such
to allow fulfilment of this tendency. The lack of morphological
ptations in these species to withstand a rapid flow would prohibit
ir establishment in running water. Other factors, such as the in-

e in amount of organic food material deposited on the rubble
the current was' reduced and the reduction of predators through

elimination of rapid-water species, were probably of minor im-
ce in the successful extension of the distribution of these

The Insect Distribution on Different Types of Bottom

The smaller streams of Algonquin Park are characterized by the
ce of many different types of bottom and several of these often

found in close proximity to one another in a short section of
. An investigation of the insect fauna associated with different

of bottom was carried out to determine the relationship between
of bottom particles and the existing insect distribution.

During this study two uncontrollable contingencies arose which
ed the physical nature of certain stream areas under investigation

well as the normal insect populations, and have made it difficult to
e comparative analyses of the data. The first of these was the
en freshet in 1940 which affected the insect emergence at sta-
6 and 7 and may have affected that at station 3a, although this

ot be stated definitely since this station was not in operation
to 1940 to allow a comparison of results. The second event was

construction of the beaver dam below station 3 in 1939, the e£-
of Which have been discussed in the previous section. These are

ral ~isturbances with which an ecologist is faced frequently in
nquln Park and the new conditions presented in these instances
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must be accepted. Although the freshet and beaver dam provid d
considerable amount of valuable information on factors affectin e , a
sect distribution in streams, they nevertheless disrupted certafn in,

the original plans and have made the interpretation of results rn of
difficult through the addition of extra variables. Ore

Quantitative Results
The number of insects that emerged from different types f. 0

bottom in 1938, 1939, and 1940 was determined and the results have
been summarized in table 5. In each year the emergence from the
sand bottom was numerically less than that from any other type of
bottom. Conversely it was found that rubble bottoms with a rapid
flow of water produced the greatest insect emergence in 1939 and
1940, while in 1938 an exception to this occurred, since in the per-
iod sampled 1,942 insects were collected from the gravel-bottom sta-
tion and only 1,677 from the rubble. This discrepancy was the result
of an error introduced in connection with the method of collecting
employed at station 6 in 1938 (page 18). From the collections ob-
tained at station 3, following the building of the beaver dam which
transformed the riffle into a pool at the end of June 1939, it was
found that a rubble bottom in deep pool conditions produced a smaller
number of insects than the rapid-water type. The gravel and muck
bottoms were intermediate between the rubble and sand bottoms from
the standpoint of total insect emergence. In 1938 and 1939 the gravel
produced more insects than the muck, while in 1940 the relation was
reversed. This latter instance resulted from the freshet (page 24)
which scoured the gravel section, reducing the population consider-
ably, while it had little if any effect on the population at the muck
station.

In order to compare the quantitative results of this study mor~
directly, the total insect emergence in each year from the differe~
types of bottom was converted into a ratio with the emergence fr~
sand bottom as the unit. The average values of the ratios for bble
complete period of the investigation were rubble (rapid) 4,6, ru 'J1g

. d creaSI
(pool) 3.3, gravel 2.1, muck 1.8 and sand 1.0 showmg a e
productivity of i~sect~ from rapid ru?ble a.rea~ to sand. closelY

Results obtained m the present investigation correspond 3sf
to those of other investigators. Needham (1927) found a deere
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in the standing crop from rubble through gravel, muck, to Sa
. f ndTarzwell (1936) carried out an extensive survey 0 many grades :

bottom in the streams of Michigan and fo~nd an .increase in POPUl~~
tion rating from sand to bottoms supporting vanous aquatic plant
Tarzwell's results converted into ratios give rubble 3.6, gravel an~
sand 2.6, mucky fiats 2.3 and sand and silt 1.0. These agree very
closely with those of the present study.

Numbers of individuals are of course not always the best indica_
tion of the biomass. A few determinations of the volume of insects
produced by different types of bottom were made and from these it
was found that the bottoms were related with respect to volume of
emergence in the same order as when the number of insects was con-
sidered. The ratios obtained from the rubble (rapid), gravel, muck,
and sand bttoms were respectively 20.7, 3.6, 1.5 and 1.0. The ap-
parent lack of correlation between volume (20.7) and numbers (4.6)
at the rubble station resulted from the preponderance of insects with
a' relatively large body size, such as Plecoptera, Epherneroptera, and
Trichoptera, which were found in this habitat.

Ephemeroptera .
Trichoptera .
Plecoptera .
Chironomidae .
Simuliidae .
"Miscellaneous" ' ..

35.5
7.0
4. 1

38.2
10.8
4.4

4.6
1.7
2.1

67.6
21.4
2.5

20.3
3.8
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sand. The emergence from the sand bottom consisted for the
part of Chironomidae which made up the greatest proportion

the population each year and averaged 83.9 per cent for the com-
II period of study. The Ephemeroptera was the next most abun-
plet; groUP averaging 9.3 per cent of the total emergence. The "Mis-
~eous,,, !richoptera, Simuliidae, Plecoptera followed in order,

resenting In each case only a small element of the total emergence.
ttP )luck. The emergence from the muck bottom consisted predorn-
jDaIltly of Chironomidae which averaged 74.8 per cent of the total

ergence over the complete period of the study. The Ephemeroptera
the next most abundant group, averaging 20.3 per cent of the

'tOtal. Thus the total component of Chironomidae and Ephemeroptera,
two most prevalent groups, was almost identical at the sand and

ck stations. The diminution in the percentage of Chironomidae at
muck site as compared with that at the sand was compensated for
an increase in the percentage of Ephemeroptera. The Trichoptera

"Miscellaneous" followed in order of relative abundance. The
uliidae and Plecoptera" groups were not represented at the muck
'on; this was the most significant faunal difference noted between
station and all others.

Gravel. The emergence from the gravel bottom also consisted
the most part of Chironomidae, which averaged 67.6 per cent of
total emergence during the investigation. The Simuliidae made

a considerable portion of the emergence at this station, averaging
4 per cent. The Ephemeroptera, "Miscellaneous," Plecoptera, and

optera followed in order of decreasing numbers and contributed
a small element to the total emergence in each instance. The in-

proportion of Simuliidae was the most significant difference
f ed in the emergence from the gravel bottom as compared with
rom sand and muck bottoms.

lUbbl A . .e. t the rapid rubble bottoms the emergence consisted of
Iln equal proportions of all the insect groups than were found
: other type of bottom. Once again the Chironomidae formed
Ii:O~t abundant element, averaging 38.2 per cent of the total, while
aP emeroptera followed closely with 35.5 per cent. The Sirnuli-
\'eraged 10.8 per cent of the total, and the Trichoptera, Plecop-

ind' ,
IVldualtaken in 1940-likely washed in following high water.
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gravel area. In every instance the relative abundance of the species
tht d on the sand bottom was less than on the rubble or gravel bot-
£oIl!1 The Plecoptera population was negligible on the muck bottom
tcJIIls. . . .. . 'dicating that the conditions associated with such a habitat are un-
jII'table for the stonefly fauna found in this stream. This was sub-::ntiated by observations made at station 3 in 1939 and 1940 when
the rubble riffle was converted into a still pool by a beaver dam. It
was found that the Plecoptera disappeared from the area, with the
exception of Isoperla sp.I which remained in reduced numbers

tera, and "Miscellaneous" followed in decreasing order of ab
each group making up a larger proportion of the total emerg undance,ence tha
was found at any of the other types of bottom. n

TABLE 7.-Total number of species of Plecoptera, Ephemeropt
Trichoptera that emerged from different types of bottom during the inve~~a, ~d
========================~s IgatIon.

Total number -===
of species Rubble Gravel Muck Sand

Plecoptera ....... 11 11 8 -5
Ephemeroptera ... 34 21 18 19 14

Trichoptera ...... 27 22 12 15 11

Total ....... 72 54 38 35 30

TABLE 8.-Distribution of Plecoptera and relative abundance of each species
011 different types of bottom. A--over 50 individuals; F-l0 to 50; R-l to 10;
1-1 individual. The abundance represents the maximum annual emergence
_tained during the investigation.

= Rubble
(rapid) Gravel Muck Sand

F R
F R
F R
F T
R T
R
F
R T

(b) Species differences. The distribution of species belonging to
the Plecoptera, Ephemeroptera and Trichoptera on the different types
of bottom was determined. When the total number of species was con-
sidered, it was found that 54 emerged from rubble, 38 from gravel,
35 from muck, and 30 from sand (table 7). Thus with respect to the
three groups in which species determinations were made, the diversity
of the fauna decreased from rubble through gravel and muck to sand.
This is the same sequence as was found when the total number and
volume of all insects were considered.

Plecoptera. The Plecoptera were represented at the stations by
11 species, all of which were found at the rubble bott~m, 8 .at ?r.a:;
5 at sand and 1 at muck, which was represented by a single 1I1diVld

. 1
(table 8). There were 3 species found only on the rubble bottom,fined to
species was common to rubble, gravel, and muck; 2 were con d
rubble and gravel; while 5 species were common to rubble, g:ave!, ~e
sand. Thus the most diverse population was associated with ru
bottoms followed in order by gravel, sand, and muck. e3cl!

The distribution of species and the relative abundance of habi-
species on different types of bottom indicated that the preferred ()11IY

tat for this group was rubble riffle areas. Although there were 1 ill. h grave,
3 species found in the rubble that were not found 111tel 5 ill. as es
almost every case the relative abundance of each species w

Laara decepta. . . . . . . . . A
1Aw:lratenuis. . . . . . . . . . A
l~laSp.l ,. F
l~la montana. . . . . . . R
lIMIaperla brevis. . . . . . . . R
l,."la truncata. . . . . . . . F
~la imbecilla ., . . . . R
"-mIra venosa. . . . . . . . F
::ahamula.. F
Ac.: as~leYi.......... R

OIJeUrm abnormis . . . . R

Total. . 8 511

~ ~ruU,les:1940). Frison (1935) found that although the Plecoptera
1110lS we f d' di .iloPerla . re oun 111 many rverse habitats only one species,

earn 1'ntnuta Banks, was confined to small muddy-bottomed
s.

EPhemeropt Th, era, e Ephemeroptera were represented by 34
es, of who h 2119at th IC were found at the rubble stations, 18 at the gravel,

l'tptes e muck, and 14 at the sand station (table 9). Species that were
ented b fernale i'n" I y ema e irnagos only have not been considered in pre-

-"I) t ie s . I' .ies pecies ist for each station (page 44) There were 5
confi d '" .ne to rubble, 3 to gravel, and 5 to muck, while no
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TABLE9.-Distribution of Ephemeroptera and relative abundance of
species on different types of bottom. A-over 50 individuals; F-IO teaCh
R-l to 10· T-l individual. The abundance represents the maximum a0 50;

, .... nnUalemergence obtained during the investrgation.
==~============~======R=u=bb=le==============~~

) Gravel Muck Sand(rapid ---Baetis cingulatus .
Epeorus humeralis .
Leptophlebia guttata .
Heptagenia hebe .
Baetis parous .
Leptophlebia mollis .
Ephemerella invaria .
Pseudocloeon carolina. . . .
Stenonema [uscum .
Habrophlebia vibrans .
Ephemerella sp, (bicolor gr.) .
Stenonema rubromaculatuni .
Leptophlebia debilis .
Baetis flamstr iga .
Heptagenia pulla .
Baetis pluto . . . . . . .
Baetis sp, (pygmaeus gr.) .
Centroptilum simile , ..
Stenonema ?vicarium .
Stenonema canadense .
Leptophlebia volitans .
Baetis frondalis. . . . . . . . . . . . . . . R
Centroptilum semirufum . . . . . . . . . R
Centroptilum convexum. . . . . . . . . . T
Ephemerella deficiens . . . . . . . . . F
Ephemerella sp, (near serra/a) . . . . T

TBaetis vagans . . . . . . . . . . . . . . R
Cloeon triangulifer. . . . . . . . . . . . . . F
Caenis sp.. . . . . . R
Cloeon simplex : . . . . R
Cloeon rubropictum . . . . . . . . . . R
Brachycercus sp.. . . . . . . . . . . . R
Blasturus sp, . . . . . . . . . . . . . . . T
Ephemerella lutulenta . . . . . . . . . . . . _

~==~~T~o~t~al~.-.-..-.-.-.. -.-.-------21------~18~----:1~9---~

F
R
R
R
T
A
T
R
F
A
R
F
A
A
A
A
A
R
R
F
F

F
R
T
T
F
R
R
R
R
F
A
F

R
A
F
F
R

T
R
R
R
T
R
F

F
F
R
R
R
T
R
R
R

R
A
F

R
T
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. \vere found at the sand station alone. Four species were com-eS .
n to all the habitats; 4 to rubble, gravel, and sand; 1 to rubble,

I and muck; 3 to rubble and gravel; 3 to rubble and muck; 1ve,
bble, muck, and sand; 3 to gravel, muck, and sand; 2 to muck

:;Usand. Thus the most diverse population was found on the rubble
oms followed by muck, gravel, and sand in decreasing order.

IJOltThe distribution of species on different types of bottom showed
tlJat the species of Ephemeroptera had a much wider range of habitat
preference than the Plecoptera. The distribution of species and the re-

ive abundance of individuals on the different types of bottom in-
ted the habitat preference of each species and the range of habitats

could tolerate. For example, H ep tag enia pulla occurred abundantly
rubble, frequently on gravel, was represented by a single individual
sand, and did not occur on muck (table 9). Thus, for this species,
erence is shown for conditions associated with rubble bottoms,
wed closely by gravel, and, although able to tolerate sand con-

o 5, it is unable to tolerate conditions prevailing in a muck habitat.
ough no species were found only at the sand station, when the

tive abundance of individuals found on the different types of
om was considered, it was found that certain species such as Cen-
liJum semiru,fu1n showed a distinct preference for sand since the
o urn emergence occurred there.

Tricboptera. The Trichoptera were represented at the stations
total of 27 species, of which 22 were found on the rubble bottoms,

on the gravel, 15 on the muck, and lIon the sand bottom (table
o There were 5 species confined to rubble, 4 species to muck, while

o Were found only on the gravel or sand bottoms. There were 4
ru~ common to all the habitats; 4 to rubble, gravel, and sand; 2

ble, gravel, and muck; 2 to rubble and gravel; 3 to rubble and.I
, to rubble and sand; 1 to rubble, muck, and sand; 1 .to muck

~d. Thus this group showed the same general distribution as
f~1 ellleroptera, since the most diverse fauna was found on rub-

'llt (j;'~d by that on muck, gravel, and sand in decreasing order.
ltte

e
nchoptera showed a wider range of habitat preference than

COPterab· .
. ut not a Wide as the Ephemeroptera, S111cethere wereles confi d .
. ne to either the gravel or sand habitats. In fact, allles f d -

oun on the gravel bottom were found on the rubble~d' . .
In no 111tance was the relative abundance of a species
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greater in the gravel than in the rubble area. Thus the gravel f
consisted almost entirely of species that showed a preference fauna
rubble habitat but were able to extend their distribution into a or thegravel

TABLE lO.-Distribution of Trichoptera and relative abundance of
species on different types of bottom. A-over 50 individuals; F-IO teach
R-l to 10; T-l individual. The abundance represents the maximum 050;

b . d duri he i ., annUalemergence 0 tame unng t e investigation.

Rubble
(rapid) Gravel Muck Sand

~---------------------------------15--- 11~
Total. . . . . . . . . 22 12 ---- 'eS

. d i rat of Spec!.d
riffle. In the same way the sand fauna consiste ill gene ce '/Itr

which were found in a rubble riffle where the relative abundafll'zatioll'
hi nera 1at least as great. Two exceptions occurred to t IS ge

Cheumatopsyche campyla.
Lepidostoma grisea .
Neophyla« autumnus .
Psychomyella flavida .
Agapetus sp .
Rhyacophila [uscula .
Athripsodes angustus .
Nyctiophylax uestitus .
Phylocentropus placidus ..
Plectrocnemia cinerea .
Psychomyia dioersa .
Cheumatopsyche pettiti .
Hydroptilidae .
Philopotamus distinctus ..
Chimarrha aterrima .
Hydropsyche sparna .
Hydropsyche betteni .. , ..
Stenophylax guttifer .....
Polycentropus conjusus ..
Athripsodes dilutus .... , .
Mystacides sepulchralis ..
Rhyacophila carolina .
Oecetis inconspicua .
Lepidostoma costalis ' .
pycnopsyche aglonus .
Plaiycentropus indicans ..
Molanna sp , . ,

R
R
R
R
R
R
R
F
T
R
R
F
T
A
A
F
F
R
R
R
R
R

R
R
R
T
R
R
R
T
R
F
R
F

F
T
F
F
T
T

R
R
R
F

F
F
R
R
T

R
R
R
R
T
R
R
R
T

-

T
T
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t, one species fou~d on s~nd, Oecetis inconspicua, was not found
itS bble, and from ItS maximum abundance showed a habitat pre-

~e for muck bottom. Thus this species is probably a still-water
:: which was able to tolerate the conditions prevailing at the sand
station but unable to extend its distribution to either the gravel or
,abble bottoms where a considerable current existed. Second, the
fIJDilY IIydroptilidae showed its maximum relative abundance on the
,.od bottom although. it was prese~t at all the habitats and thus, as

group, must be considered o?~ which sh.a,ws a habita~ preference for
d but can tolerate the conditions prevailing at a vanety of habitats.
complete species identification had been made in this family it is

pobable that a more diverse distribution would have been obtained
lGr it.

The Trichoptera are known to occupy a wide range of habitats.
brtain families, such as the Phryganeidae, are found in still water

slow-flowing habitats, while others, such as the Rhyacophilidae,
limited to rapid streams. Siltala (1906) found several species in
Bay of Finland living under marine conditions and utilizing
. e algae for food and larval cases, while one European species,
• yla pwsilla Burmeister, is known to be terrestrial.

It is probable that, other things being equal, current is of prime
ce in limiting the distribution of aquatic insects in a re-

. ~ion of a stream. Wingfield (1939) found that in certain
~ Insects the demand is for current which continually brings

£ supply of oxygenated water to the respiratory surface rather
)Or a high dissolved oxygen content as formerly held (Hubault,

~ and that in some species of Ephemeroptera the gills are used
te a current over the body and are used as secondary respira-

?ri;.ans only when the oxygen content of the water is extremely
• of Ei could account for the inverse correlation between the gill

en phemeroptera nymphs in mountain streams and the dissolved
d thcontent found by Dodds and Hisaw (1924b). Wu (1931)

at the SI' liid h d "" h .SUb . mu 11 ae a an m erent current demand" and this
stan hated . th '"

1\ f m e present mvestigation by the absence of this
I" rOIll st f 5also . a IOn where the current was negligible. The Plecoptera

absent from this station and it is probable that this distribu-
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I'

ary importance. In the present study it has been found that cu
and nature of the bottom particles are intimately interrelated an~rent
separate effect of these factors on the distribution of insects in t~e
streams of Algonquin Park could not be distinguished. t e

Another factor which must be considered when the composition
the fauna is determined for some specific area in a stream is t:f

proximity of one type of bottom to another. Thus in this investi e
tion the muck bottom was situated only a few feet downstream fr~a-
the rapid rubble station. It is probable that this would allow an in.
flux of insects from the rapids to the muck habitat since certain in-
dividuals would be swept down, at intervals, by the current. This was
substantiated during the study, since in 1938 and early in 1939 large
numbers of Habrophlebia oibrans emerged both at the muck and rub-
ble stations. However, when the rapids was converted into a pool in
1939, the number of individuals at both sites was greatly reduced
showing that this species was normally associated with a rapid rub-
ble habitat and, although able to survive in the muck, this was not
the preferred habitat. The same condition could have existed at the
sand station since it was situated in close proximity to the gravel
riffle. Thus it is probable that the nature of the stream bottom in the
surrounding area, especially in the upstream portion, may have a
bearing on the fauna found at any specific site in a stream.

It has been pointed out that the diversity of the insect fauna in
any area is related to the number of different microhabitats present
in that area. This factor also probably limits the number of individ-
uals in the area, at least to some degree. However, another fa~t.or
which may limit the number of insects found in any area is the utlhz-
able surface area of bottom particles exposed to the water. It was
found that the number of insects that emerged from different typeds

k t san·of bottom decreased from rubble, through gravel and muc ,0 o_
ti les e"The rubble area provided the greatest area of bottom par IC d

posed to the water and this was followed by gravel, muck and s~_
where the utilizable surface area decreased, in order, from the sta 00

. f .. Th f decavi nic matterpoint 0 aquatic insects. e presence 0 ecaymg orga triO
h wa ethe muck bottom increased the surface area exposed to t e

this habitat. the size
In the consideration of surface area exposed to the water, uatiC

of organisms must be taken into account. Thus, although few aq
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ts found in streams could utilize the interstitial spaces in a sand. see
111 110m, it has been shown by Pennak (1939) that there is an exten-
~ microfaunal population (Rotifera) found in sandy lake shores.
;;::se forms are of small body size and are able to utilize the in-

terstices.
In addition, it is probable that the amount of organic food material

JiJnits the number of organisms found in any area and should be con-
sidered along with the utilizable surface area of bottom particles ex-
posed to the water.

Tarzwell (1936) carried out an extensive study of the bottom
fauna of different types of bottom in a stream and considered many
iotergrades such as coarse, medium and fine gravel along with various
types of aquatic plant beds. The results showed an increase from
sand, which was given a population rating of 1, up to beds of Elodea
IP., which had a rating of 452. This high population rating could be
explained by the original premise since plant beds would afford an
enormous surface area exposed to the water as well as an abundant
supply of organic food material. Needham (1927) found hardpan and
bedrock areas to be less productive than sand. Here the surface area
of bottom particles exposed to the water, available cover and amount
of organic material present would be minimal. From a few collections
made from an area in the Madawaska river where the bottom con-
listed of large boulders it was found that the population was much
lower than that found in the areas of small rubble and rocks. Once
~in, since the interstitial spaces are reduced in number as the rocks
~~crease in size, such areas would present a less favourable habitat
I surface area were considered.

IaI~may therefore, be postulated from such data that there is a direct
re tionship between the utilizable surface area of bottom particles
:~sed to the water and the productivity of aquatic insects. Mottley
Itra (1938) suggested that the number of organisms per unit of sub-
nes:UI11 exposed to the water might give a better measure of the rich-Wf a stream than the number per unit area of bottom.
creek ene ~ncl.Wickliff (1940) carried out an experiment in Blacklick
lbov' OhIO, 111 which the results offer direct substantiation of the
~le POstulation. Wire baskets were filled with denuded medium and
c . rubbl d I .rub e an paced in the creek bottom so that the surface of

ble Was level with the surrounding bottom. When the baskets
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were placed in a sandy bottom pool it was found that in F
1938, after the baskets had been in position for appro _. ebruarv

h
XInlatel - ,

mont , the small rubble had about three times and th I Y one
five ti e arge r bve times as many insects as the corresponding check sa I U hIe
the surrounding sand bottom. I11pes frOi11

A field observation which further illustrates the relation f
f b . 0 sUrfarea 0 Ott0111particles and the number of insects may b b' aCe

f b . f e 0 tam drom 0 servations 0 the distribution of groups which ha e
f

. ve a narr
range 0 habitat preference (such as the Simuliidae and th .O\\"
. T' . e net-buIld
mg nchoptera) where their aggregation in localized po iti -
I sr IOns 0

t re stones may be readily seen. n
It was found that the distribution of insects in a strean h. . '" 1 sowed

q~Jantltatlve and qualitative differences which were associated with
dlfferen.t types of bottom. It was not possible in this study to attribute
these differences to the effect of anyone condition that varied ith
th . WI

e respective types of bottom, since the fact that the size of the batt
.I diff ompartie es I ered implies that there were corresponding differences in

c~rr~nt, depth, volume of flow, light penetration, oxygen and carbon
~1O~I~e.content, anyone or all of which may playa significant role
m limiting the distribution. However, since all these factors are inter-
related, t~e. phrase "type of bottom" may be used to represent the
characteristics of the habitats referred to, although it must be realized
that the various types of bottom cannot be laid down in a stream
without accompanying alterations in other conditions. It is probable
that the insect distribution found in this investigaton was the result-
ant of a complex interaction of several environmental conditions of
which current and the nature of the bottom are relatively more im-
portant.

The Distribution of Insects in Rocky Riffles at Various Dista1lces
from the Sourc e

A comparison of the insect emergence at stations 2, 3a, 3 an~ 4
was made to determine if there were quantitative and qualitatl~e
differences in the faunas which could be correlated with change In
conditions downstream. These stations were selected at different
d· f cler toistances rom the source (figure 1) ill rocky riffle areas in or . h

. . . whlC
mnurruze the effect of other factors, such as type of bottom,
were known to affect insect distribution in streams.
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The construction of the beaver dam (page 34) disrupted this in-
Ugation ~nd made it impo~sible to. compare the emerg~nce at a~l
stations m anyone year, since station 3a was not established until~;oat which time the origi~al rapids at .station 3 ~ad been tra~s-

fofllled into a pool. However, It was found m several instances dunng
this stream investigation that annual variation in insect emergence
frOnt any area is small. This is particularly true from the standpoint
of the species emerging each year and thus the qualitative data prob-
ably have been a~ected only slightly by this circun~stance. Although
a portion of the differences observed, when compansons are made of
&be quantitative data obtained from different stations in different years,
JIIIlY result from annual variation in emergence, it is improbable that
the effect of this factor alone could account for all of the differences
observed, and it is felt that such a comparison is of considerable

ue.

Quantitative Results
The total values for insect emergence from June 1 to August 31

station 2 in 1939, station 3a in 1940, station 3 in 1938, and station

TABLE 11.-Quantitative analysis of the total insect emergence from June 1
August 31 at station 2 in 1939, station 3a in 1940, station 3 in 1938, and
• 4 in 1939.

-=
Station 2 Station 3a Station 3 Station 4

No. of % of No. of % of No. of % of No. of % of
Insects Total Insects Total Insects Total Insects Total-~era .... ~

-- --- -- --- -- --- --
663 12.3 450 6.3 116 2.1 122 0.4

Illeroptera .. 502 9.3 1,035 14.4 3,037 55.8 1,820 5.8
iic:boptera

~omid~~'"
440 8.2 270 3.8 449 8.3 12,423 39.4

•• .u1iidae... ·.~:
3,699 68.6 3,446 48.0 1,703 31. 3 5,304 16.8

2 T 1,496 20.8 26 0.5 6,922 22.0
lIaneous" 87 1.6 478 6.7 109 2.0 4,914 15.6-;;--==-

otal --- -- --- -- --- -- --- ---
....... 5,393 100.0 7,175 100.0 5,440 100.0 31,505 100.0

l1t 1939 . . .
. Illustrate the quantitative differences in the populations in

Sat diff d' fOUt' erent istances rom the source (table 11). For the per-
lined above, a total of 5,393, 7, 175, 5, 440, and 31,505 insects
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emerged at stations 2, 3a, and 4 respectively. Thus the total
1· ernergence at the upper three stations showed only slight variation h'-

,W 11
the emergence at station 4 was much greater than at any other star e
although there was a considerable change in such conditions as Wi~~~'
depth, rate and volume of flow, and average temperature betw '

h stati hown jn the nrevi h eeneac station. It was s own In t e previous section t at the nUrnb
of insects found in any area is related to the utilizable surface area of
bottom particles exposed to the water. This phenomenon is also elear,
ly seen in this instance since the bottoms at stations 2, 3a, and 3 Were
similar, consisting of a few rocks imbedded in the underlying coarse
gravel while at station 4, the bottom was made up of many rocks
which were built up in layers with the bottom layer only imbedded.

However when the percentage of the total emergence at the var-
ious stations contributed by each of the main insect groups is con-
sidered, it is seen that there are changes in the relative importance
of each group associated with distance from the source (table 11).
The Plecoptera constituted 12.3, 6.3, 2.1, and 0.4 per cent of the total
emergence at stations 2, 3a, 3, and 4 respectively. Thus this group made
up an important part of the population near the source but decreased
in relative importance downstream, until in the lower river region it
constituted only a small proportion of the total population. The Chir-
onomidae also decreased in relative importance downstream, dropping
from 68.6 per cent of the total emergence at station 2 to 16.8 per
cent at station 4. The Ephemeroptera constituted 9.3, 14.4, 55.8, and
5.8 per cent of the total emergence at stations 2, 3a, 3, and 4 respec-
tively. The increase in relative importance of this group between s~a-
tions 2 and 3 was accompanied by an increase in the number of in-
dividuals. At station 4 the number of individuals that emerged waS

. de up agreater than that at either station 2 or 3a, although It rna . S
It statIon·smaller proportion of the total emergence than at the at er. tera

. h d i ti 3 The Tnchop-Thus this group s owe ItS maximum at sta IOn . t'0115
. . h per sta Iconstituted only a small part of the population at t e up . ade

. 4 here It rnbut was the most important single group at station w "!Jis'

. liid andup 39.4 per cent of the total emergence. The Simu 11 ae total
. . f thecellaneous" groups made up an appreciable portion 0 t sta'

. . rtance aemergence at stations 3a and 4 but were of rmnor impo
tions 2 and 3.

"olitative Results
(J E 12.-Distribution of Plecoptera at stations 2, 3a, 3, and 4, showing the

~"SLabundance of each species. A--over 50 individuals; F-from 10 to 50;
••••tlve 1 to 10' T-1 individual. The abundance represents the maximum••....{rol11' .
~ Iel11ergencefor each station,allDua
~

Station 3a Station 3 Station 4Station 2--""""a sara .
lIfOfI,a trispinosa .

LftPJra biloba. . . . . . . . . .
NfttWU,a serrata .
AUof1erlamediana .
A1lDcafmia pygmaea .",",",a venosa ,
LtrWra decepta .
lfIMqura punctipennis .
LtrWra sibleyi .
.£tru;Ira hamula .
r,.",la montana .
lMu:Ira tenuis .
z.",la sp. 1 .

~la imbecilla .
s.,.la truncate .
_tnteuria abnormis .
"lJerla brevis .
.",la transmarina .
Acrouuria lycorias .
'-Ierla sp. 2 .

"'operlasubuarians .

R
R
F
F
A
R R
F F
A F F
F R R
A A R
A A F
F F R

A A
F F

R
F R
R T

R

A
A
R
F
R
R
T

_ Total. . 712 11 11

Plecoptera. The Plecoptera were represented by a total of 22
.ies of which 12 were found at station 2, 11 at station 3a, 11 at

of Ion .3, and 7 at station 4 (table 12). Thus, in general, the number
c:r species decreased downstream as the distance from the source in-

~ed, and this was accompanied by a progressive change in the
es COl11prising the fauna at each station. There were 5 species.;!.only at station 2; 2 species confined to stations 2 and 3a;
~es C0l11111onto stations 2, 3a, and 3; 2 species confined to sta-
.a and 3; 1 species found only at station 3; 2 species common

. tions 3a, 3, and 4; 1 species confined to stations 3 and 4, and 4
es fOund only at station 4.
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There were no species common to stations 2 and 4 which were
ed at the upper and lower limits of this stream investigation.

t f unas at the intermediate stations, 3a and 3, were similar and
1'be. ~ed of some species found at station 2 and others found at sta-
(01151; iJlustrating the progressive change that occurred downstream.-d the close faunal relationship existing between these two stations.

The change in the fauna downstream resulted from the successive
diSappearance of species found at the upper stations and addition of

ies found at the lower stations. The net decrease in the number
• species resulted from the more rapii loss of upper-station species

gain of lower-station species (figure 8, top panel). It was found
there was a direct proportionality between the total change of

ies at successive stations and the average summer water temper-
(figure 8, middle panel). There were 5 species found at station

hich did not occur at station 3a while there were 4 species at the
station which did not occur at station 2. Thus there was a total
e of 9 species between these stations and an average temperature
ence of 4.4 degrees Fahrenheit. The fauna at station 3 differed
that at station 3a by a total of 4 species, which included 2 el-
ted and 2 added species, and the temperature index differed by

egrees. Eight species found at station 3 were eliminated at station
there were 4 species at station 4 not found at station 3. This

change of 12 species was associated with an average temperature
ce of 5.4 degrees Fahrenheit.

'When the number of species belonging to each family occurring
a,station was represented as a percentage of the total number of

es found there, it was found that in general the Capniidae, Leuc-

ABLE 13.-Relative importance of the families of Plecoptera at the stations.
limber of species in each family is represented as a percentage of the total
r of species found at a station.

Station 2 Station 3a Station 3 Station 4

8.3% 9.1%
4l. 7% 36.4% 36.4%
33.3% 18.2% 9.1%
16.7% 27.3% 45.5% 57.1%

'. - ...... 9.1% 9.1% 28.6%
14.3%
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tridae and N emouridae decreased in relative importance d
d h ChI

.. OWnst
an t e oroperlidae, Perlidae and Perlodidae increased (t b reafll
Consideration of the distribution of families at the stations a le 13).
the information obtained from consideration of the d~U~ented
f

. Istnbur
o species alone. Thus, although there were no species com IOnI.. mon to aU
t te stations, one family, the Chloroperlidae, was represented
the stations and increased in relative importance downstrea a~ all
. . d 167m, SlncIt compnse . per cent of the population at station 2 d. e

d 27
~ 5 an In

crease to .3, 4::>. , and 57.1 per cent at stations 3a, 3, and 4 -
~~~ ~

When the relative abundance of each species at a station wa. . .. . s Com-
pared along With the general distribution of species at the st t·. awns
it was found that the number of individuals decreased as the sped'
approached the limits of its distribution (table 12). The species fou:~
at station 2 in almost every case showed their maximum abundance
there and decreased numerically at stations farther downstream
having dropped out completely at station 4. The species found only
at station 2 have a narrow range of thermal tolerance when considered
from the standpoint of the stations used in this investigation, but
it is probable that these would extend farther upstream if their com-
plete distribution were known. The species common to station 4 and
stations farther upstream showed a fairly wide range of tolerance,
but in general the numbers were reduced at the upper stations, show-
ing that the optimum conditions for the species prevailed at station
4. The species found only at station 4 would be those most likely to
extend their distribution farther downstream.

Along with this numerical reduction it was found that the peri~
of emergence for the species was restricted at the limits of its diS-
tribution. Those that were eliminated downstream were confined to

h
. d ] h I h I stations,a sort peno 111 t e ear y part of the season at t e ower n

while at the upper stations the emergence occurred later in th~ s~,
and in general extended for a longer period. For example, lnd £ 0111

Leuctra sibleyi emerged from June 4 to June 18 at station 2 and £;0111

May 31 to June 5 at station 3a. In 1941, this species emerge tatioll

May 21 to June 16 at station 2 and from May 16 to May ~4 a~\egat'
3a. The species jhat were eliminated upstream from statJOnnd lo",er
to emerge on approximately the same date at the upper a r st3'
stations but the period of emergence was reduced at the uppe

58

in general. This condition probably resulted from the slower
•••• cooling and .spring warming of the water at station 4 compared
"ith that at .statlOn 3 and 3a, and the higher maximum temperatures
pined dunng the summer at the upper stations.

It was found that the period of emergence of Plecoptera at sta-
tiCJIl4 was r.estricted ~o the early summer, from late May to the middle
fA July, whtle at stations 2, 3a and 3 the emergence period extended
frOII1 early spring to late fall. The late summer emergence at the upper

'ons resulted from the presence of Leuctra tenuis and Leuctra
ItHlpta. These were absent from station 4 as were also the early
"nng species including Leuctra biloba and the Capniidae.
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ACRONEURIA ABNORMIS

10

S

s ACRONEURIA LYCORIAS

s HASTAPERLA BREVIS

ISOPERLA TRUNCATA

10

S

s HYDROPERLA SUBVARIANS

ISOPERLA TRANSMARINA

31 15

JUNE

30 15

JULY

15

JUNE

30 15 31

JULY MAY

1939 1940

FIG. 9. Seaso 1d· ib .ltation 4 . na istri ution of the emergence of representative Plecoptera
In 1939 and 1940.

1'he appe f . .
t ea h arance 0 the species at a given station followed the same

c year At t· 4'Ierla t . s ation the first species to appear each year was
ransm· hi h~erla t anna, w IC was followed by H ydroperla subvarians

abnrun~ata, Hastaperla brevis, Acroneuria lycorias and Acron~
a ormzs (figure 9). The species at the other stations also fol-
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lowed an orderly seasonal appearance each year. The date of fi
emergence, length of the emergence period and form of the emer rst
polygon of any species was subject, however, to annual vari=:·nce

This seems to depend on the water temperature during the fall Ian.
spring preceding the emergence. Thus a warm spring pushed ~~d
date of the first emergence of a species forward and if the warm s lie
continued the period of emergence was short and the number of~e I
dividuals emerging each day, large. Conversely, a cool spring dela;~
the date of first emergence, lengthened the period of emergence, a~d
decreased the number of individuals that emerged each day. For
example, Acroneuria abnormis at station 4 emerged from June 19
to July 11 in 1938, from June 25 to July 12, 1939 (figure 9), and
from June 21 to July 17, 1940 (figure 10), and the form of the annual
emergence polygons was related to the climatic conditions prevailing
during the period of emergence.

Ephemeroptera. The Ephemeroptera were represented at the
stations by 40 species, of which 10 were found at station 2, 17 at sta-
tion 3a, 22 at station 3 and 28 at station 4 (table 14). Thus there was
an increase in the number of species downstream and this was ac-
companied by a progressive change in the species found at the sta-
tions. There were 5 species confined to station 2; 1 common to sta-
tions 2, 3a, and 3; 4 common to all the stations; 5 to stations 3a and
3; 1 found only at station 3; 7 common to stations 3a, 3, and 4; 4 to
stations 3 and 4, and 13 found only at station 4.

The general pattern of distribution of species downstream corre-
sponded closely to that found in the Plecoptera, although there was
an increase in the number of species of Ephemeroptera from sou:~e
to river conditions and a decrease in the Plecoptera. Another :ign~e~
cant difference observed was the presence of a group of specle~

. . d 11 h tatlOns,longing to the Ephemeroptera which were foun at ate s the
while in the Plecoptera there were no species common to all and
stations. The faunas at stations 2 and 4, which were at the upper at
lower limits of the investigation, differed markedly while those
stations 3 and 3a were similar. d £ro(11

The progressive change in the fauna downstream resulte ddi-
. . . d the a

the disappearance of species found at the upper stations an trea(11

tion of species found at lower stations. The net increase do
wnS

g tal'
resulted from a more rapid gain than loss of species (figure ,

LE H.-Distribution of Ephemeroptera at stations 2, 3a, 3, and 4,
r~~the relative abundance of each species. A-over 50 individuals; F-

,bOVlI;O to 50; R-from 1 to 10; T-1 individual. The abundance represents the
frol1~ 1111annual emergence for each station.
rIla%lJ11l....,
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Station 2 Station 3a Station 3 Station 4-- TClJllr0ptilttm conv~xum ..........
CItfIroptilltm sem~rufum ......... R
A",eletus ludens: ............... F
SJItIonema car.ohna .............. A
Btulis brlt1me~color .............. A
JAtIOphlebia debilis ............. A A A
H,ptagenia pulla ................ F A A
~merella sp. tbicolor gr.) ...... F R R
£II1Iophlebia mollis. . . . . . ... T F A
BtJeIis sp. (pygmaeus gr.) ........ T F A
fAIIIophlebia adoptiva ............ F F
Slltwnema rubromaculatum ....... F F
SIMonema ?vicarium ............ R R
Bttorus humeralis .............. F R
.Calroptilum simile ........... R T
&Mis porous ................... T
Balis cingulatus ................ F F
SIMonema canadense . . . ......... F F
Bt.hs pluto .................... F A

'Dbrophlebia vibrans ............ A A
~genia hebe ................ R R

U flavistriga ................ A A
~ebia uolitans ............ T F
"-on ella invaria ............. T
PIfIul ema [uscum. .............. F
~ oeloeon carolina ............ R
"- Phlcbia guttata ............. R
••• onema heterotarsali ..........
~ema rubrum ..............
llOa, :~a lutetcm ...............
Ilce; C ta bicolo«, . ..............
~c oeon curioge . sum ...........
~ /Ita ?minerva ............
P"-do:;;~a sP: (near serrata; .....
~ Va on cmgulatum .........

gans'm ...................
, a sp. (near integrum) ... ,
~ella subvarifJ
oeon ?dubi ........

'1 urn ...........
oeon ?virile ........ '.....

10 17 22

F
F
F
A

R
F
F
T
T
A
A
F
F
F
T
F
A
R
A
A
R
R
F
F
F
T
F
R

28
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panel). When the total change of species at successive stations
determined it was found that this change was directly related to\;~s
average summer water temperature (figure 8, centre panel). e

Consideration of the relative abundance of a species at differ
. . d' h . d' . f h entstations In icates were optimum con itrons or t at species oee

within the limits of this investigation. For example, Leptophlebia v uz·ro t-
tans was represented abundantly at station 4, frequently at station 3,

20

10

5

'"..J lei-c
:::>
~
>
c
:!: 20
...
0

10a.
w.•
:::;
:::>
z 10

10

10

LEPTOPHLEBIA OEBILIS

CENTROPTILUM SEMIRUFUM

EPHEMERELLA FUNERALIS

BAETIS BRUNNEICOLOR

. HEPTAGENIA PULLA

STENONEMA CAROLINA

15
SEPT

L UOE N S

15
MAY

30 IS 30
AUGUST

31 IS 30
JUNE

IS
JULY

1939

FIG. 10. Seasonal distribution of the emergence of representative
Ephemeroptera at station 2 in 1939.

by a trace at station 3a and was absent from station 2 (table 14d)·
. di id als e-Thus, as was found in the Plecoptera, the number of III IV1U The

creased as the limits of distribution of a species were approached. 'bU-
species found only at station 2 would probably extend their distr1

05t

tion farther upstream while those confined to station 4 would :ies
likely be found in lower sections of the strea~. Further, the ;~a.d 3

that were eliminated downstream emerged earlier each year an 5t3-
shorter emergence period at the lower stations than at the upper
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• as was found to be the case in the Plecoptera; the species that
tiOJls,eliminated upstream also had a restricted emergence at the limit
.,ere •

their distributIOn.
of The seasonal distribution of Ephemeroptera showed the same

era! sequence as was found in the Plecoptera. The species found
:;nany one station appeared in the same general order each year, with
lIIJIlle confined to the early season, others to midsummer, others to
the late summer, while some emerged throughout the summer months
(figure 10). There were no species that emerged as early in the
springas the first Plecoptera species at any station and the emergence
continuedlater in the fall than did that of the Plecoptera.

The date of first emergence and the nature of the emergence poly-
gon of any species varied from year to year and these variations
seemed to be directly related to the seasonal water temperature at
the station. For example Ameletus ludens at station 2 began to
emergeon May 29, 1939, and had completed its emergence by June

with the exception of one individual which emerged on June 22
(figure 10). Thus the emergence period lasted for 25 days although

hut one individual had emerged in 11 days. In 1940 this species
began to emerge 5 days later, June 2, and continued until June 27,

period of 26 days, but in this year the emergence was more evenly
ibuted throughout the period. Associated with this change was a

:od of high temperature from May 28 to June 2, 1939, following
ch the temperature dropped, while in 1940 comparable tempera-

were not reached until June 2 and 3, following which the tern-
~tur~ dropped.Thus it is probable that the high temperatures at-

c;ct 10 1939 were responsible for the earlier appearance of this
Ses that year as well as for the shortened period of emergence.

uch a period of high temperature does not affect noticeably the
of first emergence of species that appear later in the summer.

s Baeti b . I b2 h's .runnmco or egan to emerge on June 15, 1939, at sta-
, W lIe In 1940 it first emerged on June 12, four days earlier .

thapparent lack of correlation between the first emergence dates
eSetw " 1o species In 938 and 1939 probably resulted from the
t~n:peratures effective between the dates of their initial erner-

di~ Iller (1941) proposed that the time required for lake water
erent de th t' .~ p s 0 acquire a certain accumulated heat in day-
s explained the varying time of emergence of Chironomidae at
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these depths. It is probable that a similar explanation would acc
f h 1···· f f' OUlltor t e annua variation In time 0 emergence 0 stream Insects a
w~ s

Trichoptera. The Trichoptera were represented at the stati
by a total of 46 species of which there were 15, 19, 21, and 30 fo:~
respectively at stations 2, 3a, 3, and 4 (table 15). Thus there Wasn
increase in the number of species downstream as was found in t~1l
Ephemeroptera. There were 7 species confined to station 2; 2 commoe
to stations 2 and 3a; 4 to stations 2, 3a, and 3; 2 to stations 2, 3a, ;
and 4; 3 common to stations 3a and 3; 7 to stations 3a, 3, and 4; i
to stations 3a and 4; 5 to stations 3 and 4; and 15 found only at sta-
tion 4.

The changes in the fauna downstream resulted from the elimina.
tion of species found in the upper reaches of the stream and the addi-
tion of species found in the lower reaches. The net increase in number
of species found downstream resulted from a more rapid rate of gain
than loss of species (figure 8, top panel). The total change of species
at successive stations was determined by summing the number elim-
inated from the nearest upstream station and the number added, and
it was found that this change was proportional to the average sum-
mer water temperature (figure 8, centre panel).

As was found in the distribution of Plecoptera and Ephemerop-
tera, the number of individuals of any species decreased in general as
the limits of distribution of the species were approached. For ex-
ample, Lepidostoma grisea occurred abundantly at station 2, rarely
at station 3a, while only a single individual emerged at station 3
(table 15). The species found only at station 2, which had the.lo,;,est

average temperature of any of the stations used in this investlgatl
d
on,

b e-
showed a narrow range of temperature tolerance and may e
scribed as stenothermal cold-tolerant forms. However, if the cr;
plete distribution of such species were known, it is probable that t :

h PstreaJ'"
would show a greater range and would extend fart er u d at
Similarly the species found only at station 4, which was locate aY
the other extreme of temperature within the limits of this studYl;e1Y
be termed stenothermal warmth-tolerant species, but would 1 WJl.

extend farther downstream if their complete distribution were k!l~OtlS
. h ed var

The species that emerged from two or more stations s ow 1 cC1"

ranges of thermal tolerance and Psychomyia diversa and po Y

[.1> 15.-Distribution··of Trichoptera at stations 2, 3a, 3, and 4, showing
'f~J\ive abundance of each species. A-over 50 individuals; F-from 10 to
re~from 1 to 10; T-J individual. The abundance represents the maximum

; R I mergence for each station.~u~~==~~==========================================
Station 2 Station 3a Station 3 Station 4

I1ydroptila sp .
_IAh/lilus moestus , .

D_r . I'PtsfllPsyche ap~ca ~s, . , , ... , , ,
II stylata ' , . , , , , , ,

(iDIf 1 ''i&fasema spru en, . , , , , . , . , .. , ,
RlytJcophila vibox ... ' .. , , , ... ,
~stoma ontano .. , , , , , , , .
gydropsyche ventura, , .. , .. , .
NlDPhylax autumnus .. , , , , , ..
PWlopotamus distinctus .. , , ,
Rl,acophila carolina , .. ' . , . , ,
SlltWPhylax guttifer , , .. , , , . , .
'Uf1idostoma grisea , . , ... , , . , .
p",homyia diversa. , , , , , , , , , .
Ptllyuntropus confusus, , ,
Cllnmatopsyche pettiti , .. , , . , .

:JG~us sp ,.,,··., ·,
~,opsyche betteni. . . . . . . , , .

Ciimarrha aterrima .
N,awphylax vestitus , .
PIId,ocnemia cinerea. , , , .. ,

ipsodes dilutus .. ' , , , , , . , .
Ifj,acophilo f uscula , , ...

~,opsyche sparna ' , , . ,
Uwipsodes angustus .. , .. , , ..

~ides sepulchralis . .. , , . ' , ..
.4,a ra sp ... , .. , , , , , , , , .... , .
p~lea costello , .. , .. , , .
Q", entropus placidus. ' , ,
P. tnatopsyche campyla . , ,
,::::my~lla flauida . , .. , , , , . , . , .
o.",;Phtla vuphipes, , .
CIti_"ka socia , , , ,
II,." ,rka lucia , , , , , , . , , , ,
II» ot;,syche morose .. , , , , . , .. , . ,

,orSYche dicantha, . , , , , , , ....
~syche recuruata'!sodes alces , , , .. ,

. Jpsod ' . , , .. , .. , . ,
~ es wetzeli , , , , . ' . ,
~ ava'a.'one .

'tcli::a. zebratum , . , .
•..Hs crepusc 1 .'tclip . u arts .

'e SlS parvulus .. ' , .. , , , .
ma wataga ",.,'

'PSYche gr '1't aC~ts.",,: ....
, °PsYche miniscula . , , , .. , .

R
F
F
F
F
F
A
F
R
A
F
T
A
R
R

F
R
A
F
R
R
R
R
F
R
F
F
F
R
T
R
R
T
R

F
R
T
T
R
F
F
R
F
A
R
R
R
R
F
R

T
T
T
R
R

R
A

A
F
A
F
F
R
F
T
T
F
R
A
R
R
R
A
A
A
A
F
R
R
A
A
F
F
A
A

15 19 21 30
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tropus confusus, which occurred at all the stations
as eurythermal species... ' may he deSCrt"bet

The emergence penods of different species wer. e seaso I
tributed throughout the summer months from early M na Iy dia.
September at all stations. The first species to erner ay on thrOUch

h d 1 ge at stareac year appeare ater than those at the upper stations Ion
seemed to result from the slower rise in water temp and thiaerature at '
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. . n of the emergence of two generations during the
'_.!IicatlO . d f . ., 1 di H dJIIU' . n 4 was obtame or certain specIes me u mg y ro-
at statIO I l (fiand Chett11wtopsyc te campy a gure 11). Marshall

tfIO'0: rwo brood flights of some species of Trichoptera in
fo~n gion including Cheumatopsyche campyla and suggests
Ene re .' .

il
't that the I11dlvlduals of the second brood are the des-

ib 1 Y . I' ..f those of the first, ma cmg two generatIOns III one season.
o dy of the development of the immature stages is necessary
stU di d .definite statement regar mg secon generatrons may be

aowever, no consistent suggestion of two seasonally isolated
in any species was obtained at the other stations and it is
that second generations do occur in certain species at station
a high average summer temperature is maintained for a long

iller (1941) found evidence of the occurrence of two gen-
certain species of Chironomidae in shallow lake water and

out that certain species with only one generation a year in
waters were known to have two generations in their sou-

where the summer is longer. He associated the occurrence
erations with the day-degree requirements for develop-

the species and it seems probable, from the results obtained
species at station 4, that a similar explanation would ac-
the appearance of two seasonally isolated groups within a

stream environments with a prolonged period of high
mer temperature.

'0

HYDAOPSYCH[ MOAOSA. - 0

'0
20

-,
;

~
t 20

~
20

JUNE AUGuST

Ih ts. of this investigation showed that there is a differential
Ution of insects in rocky riffle sections of a stream which

.t°ththe. distance from the source. Associated with this dis-
e 1l1crease' th . f .

d
. 111 e size 0 a stream as It develops from

an an me . hth rease 111t e average water temperature. It has
at temperature' f .. . l' .,'b . IS 0 pnme Importance 111 urntmg the

ubon of sneci d ida . pecies an It IS probable that the other factors
ry Importance in this respect

COrrelation f .
e stat' was ound between the total change of species

Ions and thTh' e average summer water temperatures
• IS total ch .ted ange was denved by summing the number of

and number of species added at each station. The

tative 5
FIG. 11. Seasonal distribution of the emergence of represen

of Trichoptera at station 4 in 1938 and 1939.
b heated ill

station dependent on the greater volume of water to e and
spring. The species emerged in the same order each yearr'iodnce pe
date of first emergence and length of the emerge d for
affected by annual temperature variations as was foun ns of •
of Plecoptera and Ephemeroptera. The emergence ~olygoated ill

. . . h b n Illustr
representative species of Tnchoptera ave ee
ure 11.

JULT

1838
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elimination of species downstream probably resulted f
rom th .

in water temperature. It was found from a series of ex . e Iner
penrne

nymphs of Plecoptera that although the lethal ternper t nts on
b h b .. . h a Ure Wa ove t e temperatures 0 tammg m t e stream, the value as \IV

for the species found at the upper stations than for th Was 10
the lower stations. Within this group the species showOSe found
of upper limits of temperature tolerance. It would appear afr~rada .
results that the nymphs are able to withstand the highest stre:
peratures, at least for a short period, but prolonged exPOSur ten..
may limit the distribution of certain species. Since the ex

e
t~.. pen

were carried out on practically full-grown nymphs in every ins
the possibility that the limiting effect of high temperatures
active on some other stage of the life-cycle cannot be over':;
Ide (1935) studied the effect of temperature on the distribution
Ephemeroptera in a stream and found that species dropped out d
stream became successively limited to the early season at the 1
stations, he states "that the latest date at which individuals
successfully at a station is determined by the temperatures ob ..
at that station." He proposed that this resulted from a process
selection on the nymphs by heat over a number of years. This
planation could well account for the elimination of species d
stream found in the present study, since it has been shown that
number of individuals in a species decreased as the species ap~r .
the lower limit of its distribution, and evidence of the restnctlO!l
the emergence period to the early part of the season as the s
approached its lower limit was obtained. .

The absence of certain species from the upper statIOnS
found there,to result from the lower average temperatures 'es

may retard the rate of growth sufficiently to prevent the sP~ra
completing their life-cycle. It has been shown that the temence
prevailing prior to emergence affect the date of first em

er
; tent

., h t if the averagspecies at a station from year to year so t a, 1 .' robable
iff '. t enough It IS Pture ell erences at two stations were grea 'be the

this would limit the distribution as Ide (1935) fou~d tOthe J1la'"
the distribution of Ephemeroptera in a stream. ~mce than th()SC

. d 3 e hl"her _••.•temperatures recorded at stations 3 an a wer "' 1 vnstre •••·:
f rher ( 0\ '1111corded at station 4, although the latter was ar. ere eIJ

.' I tat ron Wpossible that certain species found at the ower s

3 nd 3a by the higher temperatures which may have
'OIls a

l~~e were no species of Plecoptera common to stations 2

d at the extremes of average summer water temperatures
locate .'
. this investigatIOn, It would seem that the average range of
IJl I rance of this group was small. On further analysis it wasto e .
that 45.5 per cent of the speCies had a range of thermal tol-

tending from either station 2 or station 4 to the intermediate
~ and 3a, and 54.5 per cent had a range restricted to one
of the stream. The Ephemeroptera had only 40.0 per cent

species with a wide range of thermal tolerance, and 60.0 per
·th a restricted range, although there were some species com-
all the stations and thus able to withstand the widest tempera-
trell1e~ obtained. The average range of thermal tolerance of the
of Trichoptera was practically identical with that of the Ple-
with 45.6 per cent of the species showing a wide range and
cent a narrow range.
the groups the species that were confined to the upper sta-

probably stenothermal cold-tolerant forms while those found
er station only are stenothermal warm-tolerant species. The

of Ephemeroptera and Trichoptera that were found at all the
seem to be eurythermal but there were no species of Plecop-

could be classified in this manner.
there was a decrease in the number of species of Plecoptera

~tream it would seem that this group is made up prim-
species adapted as cold-tolerant. This is substantiated by dis-
• records of the group and the occurrence of winter Plecop-

complete their life-cycle during the winter with the adults
the S1101\'and . t I '.
be Ice a t te margins ot streams (Frison, 1929).

rofs' . hd. pecies m t e Ephemeroptera and Trichoptera in-
0\\ nstream' . 1 .ar ' 111 genera It seems, therefore, that these
e made '.of . up primarily of warmer water species. Since
Increase of .species was decreasing at station 4 in the Eph-
and still in . . h Tr i .the 1 creasing 111t e nchoptera It would seem
atter grou th 'if P ere were more species adapted to warm
Ions and th

the Ei ese to warmer water in general, than was
phemeroptera.
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vailing water temperatures are within the limits re-
pre I tbe soecidevelopment 0 t e species.
Its showed that the total number of insects emerging from

~ bottom at different levels of the stream gradient is not
oclosely to temperature as is the number of species. The
obtained suggested that the total number of insects is more

ted to the utilizable surface area of bottom particles ex-
the water. However these results are not entirely in agree-

findings elsewhere. Needham (1928) and Pate (1931,
1933) showed a relationship between the amount of bottom

a stream and the width. They found that in general small
streams are more productive per unit area than the large
owever it is probable that the stream conditions are much

in the various areas studied by other investigators. In the
re recent investigation Needham has found that certain
such as the Klamath river in northern California are very
amount of bottom fauna present and that a high organic
associated with this condition. Further, he states (Need-

) that "It has become quite evident that what is true for
area does not by any means hold true for another. Each

own environmental peculiarities and each must be studied..
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Within the temperature limits of the present i .
observed distribution suggests that species of each nVeShgatioll
h group

t e temperature range were extended, would exhibit ' Pto\'j
of distribution along the temperature gradient. The a ~O~Inal
mode and the length of the distribution diagram w~~~hon of
the average optimal temperature and the range of th depend

. ermal tol
The height of the mode would vary also, dependent 0 h e
f . belonzi nteno species e ongmg to any insect group. For the perfect

of these curves, environmental conditions other than th edxpr
Ose epen

on temperature would have to be uniform. The number of speci
Plecoptera decreased downstream as the average temp t. , . era ure
creased, while the Ephemeroptera and Trichoptera increased (fi
8, top panel). The nature of the respective mcreases in the last
groups differed however, since between stations 3 and 4 the rate
increase slowed down in the Ephemeroptera while it continued
abated in the Trichoptera. Thus, considering these distributions
the light of the hypothetical distribution outlined above, the
of the Plecoptera distribution diagram obtained in this study
section to the right of the mode and it would seem probable that
mode would occur at a temperature close to that of station 2.
diagram for the Ephemeroptera distribution consisted of a
immediately to the left of the mode and the mode would occar
a temperature close to that found at station 4. The Trichopt~ra
tribution also is illustrated by a section of the hypothetical d~.
tion curve to the left of the mode but no indication of the poslb
the mode was obtained and it may be assumed that it would
farther downstream where a higher average temperature. prr •

Further insight into the role played by temperature. !Oed
h di ibuti f . .. t an be obta1t1t e istri ution 0 insect species 111 a s ream c . ittent

consideration of the fauna at station 1. There was an wten
n

urGe
at this station and although it was located closer t? theds~hat

. roxuuatestation 2, the average summer temperature app P )'e"e
at stations 3a and 3. Two species of Trichoptera. Hydro3: and 3,
and Cheuniatopsych c pettiti. were found at stati01:S 1, 11'e"a

. 935) I gives a .were not found at station 2. Ide (1 a so thO s distt1
. f 11' . h di ties Thus I .such a station not a mg into t e irec series. . of 1115

., h di tributlOI1 eaJI'indicates that temperature sets limits to t e IS . f a stf
that species are found in widely separated sectiOnS 0

SUMMARY

estigation of the quantitative and qualitative distribution
streams of Algonquin Park, Ontario, was carried out to

~ effect of different environmental conditions on the dis-
Insects.

cage-trap method which samples the emergence of insects
.::s Was used in the study since it is applicable to the

ts associated with lotic environments.
Were obtai d f .. ame rom ten stations selected throughout the
river system.

S fOund th t h h .
I

a w en ourly collections were made from a
Va ue btaia t 0 amed for the total number of insects which
WentY_f . .On) Our interval was approximately twice that ob-

Y one colle ti .. .lc j I .eral c 1011\\ as 111<'., C 111 t re same interval,
any On .

An... • e species emerged at the same time each day
-I-""Clesem d differge at I erent hours throughout a twenty-
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four-hour interval. It was found that the maximum t
from a rocky riffle in midsummer occurred at 11.00 otal etnergetlct
and that the majority of insects emerged between sunl·

rn
. each da

night. OWnand mil.

6. The insect population was reduced in areas where the bo
was scoured by a severe freshet. The reduction result d ttOlQ

loss of individuals which were dislodged and swept do e from the
the current and the elimination of others through mola;nst:eam by

ff f h f h . . . d i action 1'bee ect 0 teres et was rmmmize m areas where the b .
1 . lId . d ottomre atrve y stab e an consiste of large particles which affo

shelter. rded
7. An intermittent flow and consequent drying of the strea bed

limited t~e number of i~dividuals and ~pecies present. It was ~
that species of fixed habit, such as certain of the Trichoptera and the
Simuliidae, were eliminated rapidly as the water receded from the
stream margins, while the free-roving forms such as nymphs of Eph-
emeroptera were able to follow the receding water and thus were DOt

affected by the desiccation in its early stages.
8. The transformation of a shallow rocky rapids into a deep

mented pool by a beaver dam brought about an immediate redu
in the number of individuals and number of species in the area.
decrease resulted from the elimination of a large group of i
that were dependent on current for respiration and feeding, and
addition of a smaller group of quiet-water species which ext
their distribution into the area once the restrictions of current
removed. A small number of species showed a wide range of
tolerance and persisted under both sets of conditions. d' 'd

9 A .. . h f soeci d bel' of in IVI. variation in t e number 0 species an num. es'
was found associated with different types of bottom.m ~ ~IO\Ved
section of the stream. Rocky riffles were most pr~duct.l;e'ofOthe
order by gravel, muck, and sand bottoms. The dlversl Yh varietY
found on any particular type of bottom was related to t It has
utilizable microhabitats associated with the bottom type. is". y area
suggested that the number of insects present in an d to the
to the habitable surface area of bottom particles exp~se the fal1liJ

. . POSIn"10. A change was found in the species com he strea[t1·

rapid riffles at different distances from the source of t cies £0
11

. I" tion of spechange resulted from the progressive e Imtna I
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ches of the stream and the addition of species found in
r rea hes A direct correlation was found between the total

. ;~c nu~ber of species in successive riffles at different dis-
10 he source and the average summer water temperature.

from tmergence periods of different species were seasonally
Thede e a result of differences in thermal requirements and the
t asged in the same order each year. The date of first emer-
:;h of the emergence period and form of the emergence

of any species differed annually probably in response to
ees in the water temperatures during the developmental per-

oviposition to emergence.
Species were found in widely separated sections of the stream
. the temperatures in these areas were suitable for the de-

t of the species.
The quantitative and qualitative distribution of insects ob-
in streams results from the complex interaction of many en-

tal factors, of which temperature, nature and configuration
bottom particles, and rate of flow are of fundamental im-

LIST OF SPECIES

following species belonging to the orders Plecoptera, Eph-
and Trichoptera were identified from the collections made

the investigation.

PLECOPTERA

(1935).

Nemouridae
ra PUllctipemlis Claassen
a serrate Claassen

ra trispinosa Claassen
a Venosa Banks

Ira bil Leuctridae
oba Claassen

Ira decept C•.•. . a laassen
ora dup!'lcata Claassen

a hamttla CI
II aassen

.r~ra Claassen
a SIb' .
II t .•?~Claassen

enUts Pictet
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Capniidae
Capnia sp,
Allocapnia pygmaea (Burm.)

Perlidae

Acroneuria abnornus (Newman)
Acroneuria lycoria.s (Newman)

Perlodidae
H ydroperla .subvarians (Banks)

Chloroperlidae
Hastaperla brevis (Banks)
Isoperla montana Banks
Isoperla sp, 1
Isoperla sp, 2
Isoperla transmarina (Newman)
I soperla truncata Frison
Alloperla imbecilla (Say)
Alloperla mediana Banks

EPHEMEROPTERA

Classification modified fr0111Needham, Traver and Hsu (l9.~5).

Heptageniidae
Stenonema canadense Walker
Stenonema carolina Banks
Stenonenui [uscum. Clemens
Stenonema heterotarsale McDunnough
Stenonenui lutewm Clemens
Stenonenui rubromaculatuni Clemens
Stenonema rubruni McDunnough
Stenonema sp, (near integrum McDunnough)
Stenonema ?vicarium Walker
H eptaqenia hebe Mc.Dunnough
H ep tag enia ?minerva McDunnough
H ep tag enia pulla Clemens
Epeorus humeralis Morgan
Arthro plea bipunctata Mc Dunnougb
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Baetidae

ebiinae
"ophlebia johllsoll'i Mcfnmnough
lophlebia adoptiva McDunnough
tophlebia debilis Walker
ophlebia quttato. McDunnough
ophlebia niollis Eaton
ophlebia volitans McDunnough
rus cupidus Say
us nebulosus Walker

oterpes basalis Banks
ophlcbia uibrans Needham

linae

ella deficiells MorzanI:>

clla [uneralis McDunnough
ella muaria Walker
ella Zutt/Zenta Clemens

erclla sp ( .. near bicolor Clemens)
erella p (
ere/[a so, n~ar serrata Morgan )

subvana McDunnough
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Baetinae
Baetis brunneicolor McDunnough
Baetis cingulatus McDunnough
Baetis flavistriga McDunnough
Baetis ?frondalis McDunnough
Baetis parvus Dodds
Baetis pluto McDunnough
Baetis sp. (near pygmaeus Hagen)
Baetis vagans McDunnough
Centroptiium. conoexwm Ide
Centroptilum ?ozburni McDunnough
Centroptilu11~ semirufum McDunnough
Centroptilum simile McDunnough
H eterocloeon curiosum McDunnough
Pseudocloeon carolina Banks
P seudocloeon cingulatum McDunnough
Pseudocloeon ?dubium Walsh
Pseudocloeon. ?virile McDunnough
Cloeon minor McDunnough
Cloeon rubropictuni McDunnough
Cloeon simplex McDunnough
Cloeon triangulifer McDunnough

TRICHOPTERA

Classification modified form Betten (1934)

Rhyacophilidae
Rhyacophilanae

Rhyacophila carolina Banks
Rhyacophila fuscula (Walker)
Rhyacophila invaria Walker
Rhyacophila oibo» Milne
Rhyacophila vuphipes Milne

Glossosomatinae
Agapet~ts sp,

H ydroptilidae
Agraylea costello Ross
Hydroptila sp,
Oxyethira sp,

tl INSECTS IN ALGONQUIN PARK, ONTARIO
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Philopotamidae

iIopola1llttS distinctus Walker
ItJlophiluSmoestus (Banks)

ittJarrhaaterrima Hagen
j",arrha II/cia Betten
;.,usrrha socia Hagen

Hydropsychidae

iychinae
:psyche apicalis (Banks)

"'.ctrona modesta Banks
'opsyche betteni Ross

'ydropsyche dicantha Ross
opsyche morosa (Hagen)

:ropsyche recurvata Banks
opsyche sp.
'opsyche sparna Ross
'opsyche ventura Ross

topsyche campyla Ross
opsyche gracilis (Banks)

topsyche miniscula (Banks)
topsyche pettiti (Banks)

atinae

Polycentropidae
tropinae
',clipsis crepuscularis (Walker)
'fclipsis parvulus Banks.

entropus placidus (Banks)
'OCnemacinerea (Hagen)
"ntr0ptts confusus Hagen

Itentropus ntaculatus Banks
:lntropus pentus Ross

'Phylax vestitus (Hagen)

Psychomyidae
,yia diver sa Banks
yella flavida (Hagen)
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Molannidae LITERATURE CITED

Molanninae
Molanna sp,

Leptoceridae

d '1 TORVIK. 1927. Factors affecting animal distribution in aC an ."W. . of the Panama Rain-Forest in the dry season. Jour. Ecology,
stream

66-71. . fl' T ich fC 1934. The caddis ies or rr opt era 0 -ew York State. New York

, Museum Bulletin, 292.
K. E. 1927. Faunistic ecoolgy of some Cardiganshire streams. Jour.

IS: 33-54.W. A. 1917. An ecological study of the mayfly Chirotenetes. Univ. To-

Studies, BioI. 17: 5-43.
T!, A. V. 1920. Sewage and water analysis. Provincial Board of Health,

ia. Bulletin 7.
G. S. and F. L. HISAW. 1924a. Ecological studies of aquatic insects. I.

tations of mayfly nymphs to swift streams. Ecology,S: 137'-149.

1924b. Ecological studies on aquatic insects. II. Size of respiratory organs
relation to environmental conditions. Ecology,S: 262-271.

1925a. Ecological studies on aquatic insects. III. Adaptations of caddisfly
e to swift streams. Ecology, 8: 123-137.

1925b. Ecological studies on aquatic insects. IV. Altitudinal range and
of mayflies, stoneflies and caddisflies in the Colorado Rockies.

, 6: 380-390.
S. 1911. Xeue Apparate zur qualitativen und quantitativen Erfoschung

Bodenfauna der Seen. Int. Rev. Hydrobiol., 7: 146-204.

G. C. 1927. An outline of stream study and the development of a stock-
licy. Contribution Aquicultural Lab., Cornell Univ., 21 pp.

• H. 1929. Fall and winter stoneflies, or Plecoptera, of Illinois. III. Nat.
Surv. Bull., 18: 343-409.

9.35. The stoneflies or Plecoptera of Illinois. Ill. Kat. Hist. Surv. Bull.,
1-471.

, W. A. 1937. The development of stream bottom communities in
Ecology, 18: 359-390D .

. 19~1. X ew limnological sampling equipment. Limn. Soc. of Amer.
PUblication, 6: 1-5.

L. 1930 Ecolog' bi . d' . .
_< ), ionorrucs an evolution of the torrential fauna with
''''erence to tl . '., 218. re organs of attachment. Phil. Trans. Roy. Soc. London,

. 171-282.
• E. 1927 C . .BioI . ontnbutlon a l'etude des invertebres torrenticoles. Suppl.

193~ France et Belgique, 9: 1-390.

~'~~heffect of temper~ture ~n the distribution of the mayfly fauna
Toronto Studies, BIOI. 39. Pub. Ont. Fish. Res. Lab., SO:

• Quantitative d "
tUdies . etermmatlOn of the insect fauna of rapid water. Univ.
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