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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.




















































