62 EFFECTS OF THE ENVIRONMENT ON ANIMAL ACTIVITY

UNIVERSITY OF TORONTO STUDIES
Merransy, K. 1940. Temperature coefficients and acelimatization. Natura 46 BIOLOGICAL SERIES, No. 56
165-166. -

Paxtiv, C. F. A. 1923, On the physiology of amoeboid movement II, The eff
of temperature. Brit. J. Exp. Biol. 1: 519-338. S
Porraranti, O. 1914, Uber die Asphyxie der See-und Susswasserfische an
Luft und uber die postrespiratorische Dauer der Herzpulsationen
Anat. u. Physiol. Abt. 436-519. A?tb,(
BATTER, A. 1914. Temperaturkoeffizienten. Zeits. allg. Physiol. 16: §74-627.
RevNorpson, T. B. 1943. A comparative account of the life cycles of L“”‘b'“icillw
lineatus Mull. and Enchytraeus albidus Henle in relation to temperaturs, Amg
Appl. Biol. 30: 60-66.
Scorr, G. W. ms. 1943. Certain aspects of the behaviour of frog tadpoles ,
fish with respect to temperature. Doctor's thesis in the library of the U
versity of Toronto.
SpeENcER, W. P. 1939. Diurnal activity rhythms in fresh-water fishes. OQhio J.
Sci. 39: 119-132.
Staner, F. B. and P. Doupororr. 1938. Some experiments upon temperature
acclimatization and respiratory metabolism in fishes, Biol. Bull. 74: 403-429,
Tanc, Per-sunc. 1938. On the rate of oxygen consumption of tissues and lower
organisms as-a function of oxygen tension. Quart. Rev, Biol. 8: 260-274.
Tcranc-s1 and Yunc-PIv Lxy. 1946. On the artificial propagation of Tsing-fish
(Matsya sinensis (Bleeker)) from Yang-Tsung lake, Yunnan Province, Chi
University Toronto Stud. Biol. 54, Pub. Ont. Fish. Res. Lab. 67.
Vervox, H. M. 1899. The death temperature of certain marine organisms
Physiol. 25: 131-136.
WerLLs, M. M. 1913. The resistance of fishes to different concentrations and com:
binations of oxygen and carbon dioxide. Biol. Bull. 25: 323-427. J
WELLS, N. A. 1932, The importance of the time element in the determination @
the respiratory metabolism of fishes. Proc. Nat. Acad. Sci. 18: 380-385.
1935a. The influence of temperature upon the respiratory met y
bolism of the Pacific killifish Fundulus parvipinnis. Physiol. Zool. 8: 196"_
1935b. Variations in the respiratory metabolism of the Pacific ""
lifish, Fundulus parvipinnis, due to size, season and continued constant tem
perature. Physiol. Zool. 8: 318-336.
WorgMay, G. and K. C. Fisaer. 1941. Temperature selection and the effect O
temperature on movement in frog tadpoles. Am. J. Physiol. 133: 499-500-

| ECOLOGICAL INVESTIGATION OF
AM INSECTS IN ALGONQUIN PARK,
ONTARIO

By
Wm. M. SPRULES

(From the Department of Zoology,
University of Toronto)

o

PUBLICATIONS OF THE
WO FISHERIES RESEARCH LABORATORY, No. 69

TORONTO
UNIVERSITY OF TORONTO PRESS
1947




CONTENTS

PAGE
........................................................................................ 1
............................................................................ 2
REVIEW oottt 3
o T A R L e e | CRE PR T | E FurE 4
n of Drainage Area, Streams and Station Sites ... 5
B Condifons 0 i i e bk 10
AN Methods oot it s s 11
.................................................................................... 12
en lon Concentration ... 13
B T I et e ] i b S 13
.............................................................................................. 13
........................................................................... 14
........................................................................................... 14
BRI o e e e oo T b s 14
T PPt T R 16
s and Methods ... 16
Tz sl D o) U 17
irnal Emergence of Insects from a Rapids ... . 21
ect of a Freshet on the Insect Fauna of a Stream... ... 24
fect of Intermittent Flow on the Insect Fauna of a
e O R S N 27
BRITE BEsilts e e e e e s 27
IR I S ITLER . i it s i it bbb b o 30
B s i i ot s i R e b o 30
ect of Flooding by a Beaver Dam on the Insect Fauna
B ISTEIS ..o st e bt cetes s o i et 34
ect Distribution on Different Types of Bottom .......... 37
ttative ReSulES ...oooooooooieeeos oo 38
T T A 40
General Differences .o...o.ivvieieirninn. i 40
B et e St 41
i e T S SRS FEr o RN I EA S EORLSSRNY LU 41
RO L, ol e g oot e S s 41
N P TR AT T 41
(b) Species Differences ... ... 42
Plecoptera ... O SRR : 1
EEBEERETOTHENN ...\l s e s i e

BETTRBODIEIR ... o ot sosarotrmin vyttt i o rieatesrerene B8




Biological Conditions— (continued)
Discussion o _
The Distribution of Insects in Rocky Riffles at Various Dy,
tances from the Source ... ...
Quantitative Results ...
Qualitative Results
Plecoptera
Ephemeroptera
Trichoptera
Discussion
Summary
List of Species .
Literature Cited

Pag

TABLES
PAGE

physical and chemical conditions at the stations in the summer

...................................................... 10

; -'during which collections were made at stations in 1938, 1939,
BI04, . RN TR SRR S 8, L S 12

of insects that emerged at stations 5, 6, and 7 from June 6 to
REOES and 1940, . i . ivv it i e e an 25

of the total insect emergence at station I from Junc 1 to
11in1938and 1939.............. ... ... ... ..., 29

f the total insect emergence from different types of bottom
L e 39

je per cent composition of the insect emergence from rubble
gravel, muck, and sand bottoms, for 1938, 1939, and 1940.... 40

umber of species of Plecoptera, Ephemeroptera, and Trichoptera
erged from different types of bottom during the investigation.. 42

ion of Plecoptera and relative abundance of each specics on
e T R 43

of Ephemeroptera and relative abundance of each specics on
ypesof bottom. .......... ... ... . ... ... . . ... ... . ... .. 44

tion of Trichoptera and relative abundance of each species
typesof bottom......... ... ... ... . . .. ... 46

1 analysis of the total insect emergence from June 1 to

at station 2 in 1939, station 3a in 1940, station 3 in 1938 and
B 416 0055k i o1 0. 55428 4 a4 M0 53

of Plecoptera at stations 2, 3a, 3, and 4 showing the relative
of each B R ot © o e e e g B b T o e, 35
Portance of the families of Plecoptera at the stations. . . . .. 57

on of Ephemeroptera at stations 2, 3a, 3, and 4, showing the
undance of each species. ... ........... .. ... 61

1 of Trichoptera at stations 2, 3a, 3, and 4, showing the relative
of each species



Fic.

FiaG.

Fia,

Fic.

Fic.

Fic.

FiG.

Fic.

Fic.

FiG.

6.

[v 4]

10.

11.

FIGURES

Map of Mud Creek drainage system

Hiustrations of stations in Mud creek

[llustration of station in the Madawaska river

Cage-trap in position in the stream............c..ooiniil,
The total insect emergence for twenty-four-hour periods at sta-
tions 4a and 4b from July 3rd to 13th inclusive, 1941, showing
the results of collecting the cages once a day, every hour and at
four-hour INtErvalS.. . o oo e ireasaenanenenen .,

The total hourly emergence of insects and water temperature in
degrees Fahrenheit at stations 4a and 4b from July 3rd to Tth,
1941, beginning at MOOM.. .. .ottt e

Emergence polygons of representative species at station 1in
1938 and 1939, showing the effect of the drying up of the
stream on July 17th, 1938, on the insect emergence.........-

Relationship of numbers of species of insects and temperature
Of EHE WAEEE, < v st onssanmnsesmpos st oo sensisseiys it

Seasonal distribution of the emergence of representative Plecop-
tera at station 4 in 1939 and 1940.........coviviaren et

Seasonal distribution of the emergence of representative Ephe-
meroptera at station 2 in 1930...... ... et

“

Seasonal distribution of the emergence of representative species
of Trichoptera at Station 4 in 1938 and 1939............---""

stream insects in Algonquin Park, Ontario, was determined from
by use of the cage-trap method of sampling the emergence of in-
unit areas in streams, at regular daily intervals.

s that induced significant alterations in the physical nature of the
accompanied by marked reductions in the total insect population
e in the faunal composition of the affected areas. Such incidents
‘severe freshet, cessation of flow and subsequent desiccation of the
and transformation of a shallow rocky riffle into a deep sedimented
truction of a beaver dam.

ation was found between the total number of species in rocky riffle
t distances from the source, and the average water temperatures.
- distribution of species was delimited by the water temperatures ob-
different sections of the stream and this was correlated with the thermal
- of the immature stages.

1 nf‘._ﬁa limits set by temperature the distribution of species was affected
ors including rate of flow and nature of the bottom, two factors which
terrelated and fundamentally inseparable. The diversity of the fauna
m rubble, through gravel, and muck, to sand as the variety of util-
bitats decreased. The observed distribution on different types of
 related to habitat preference and associated morphological adaptations

al emergence periods of different species were segregated and the
'ged in the same sequence each year. The date of first emergence and
the emergence period of a species differed from year to year and
d by annual variations in water temperature.

emergence of species showed a similar segregation in general,
Species emerged at the same time each day while different species
3 ifferent times. The maximum total emergence from a rapids during
'Occm*rcd throughout the evening hours and the most important causal
seemed to be a reduction in light intensity.

€en suggested that the number of individuals present in any area de-
Iy on the utilizable surface area of bottom particles exposed to the

in
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INTRODUCTION s method was used in the present investigation which was car-
. during the summer months of 1938 to 1941, inclusive, on a

Although the importance of aquatic insects in the economy, . : ; ; :
o e . 1Y of , of the Madawaska river system in Algonquin Park, Ontario.

ning waters has long been recognized it has not been until recent
that any intensive work has been done to determine the intimage
lationship that exists between the various environmental factorg
taining in streams and the abundance, variety, and distribuﬁon'
the associated insect fauna. A complete understanding of this relation
ship is essential for a full appreciation of the complexus of gpe
populations and a prime requisite for the successful application ,
any stream improvement policy.

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

Further, in almost all the stream investigations to date the il
formation has been obtained by sampling the population of bot
fauna. Various methods were used such as the hand-dip method
Ludwig (1922), the Needham square-foot trap (Needham, P.
1928), the Peterson trap (Peterson, 1911) and Ekman dredge ( _
man, 1911) used by Gersbacher (1937), the United States Bureatl!
g R Rl .des’crlbed T Bpeter 0936)’ . re- 1y affected by erosion, and found that floods of eroding propor-
method of Wene and Wickliff (1940), and the circular squares B ; e :

: : rticulart 3 y destroyed existing stream populatxons. In general,
sampler devised by Hess (1941), which has been found pa 45 @ rapid recovery following abatement of the flood. Stehr
useful in gravel and rubble areas. ' anson (1938) concluded that such areas were repopulated in

The cage-trap method, which samples the insect emergenc Ways, including migration of both immature and adult forms
unit areas in streams, was introduced by Ide in 1937 (Ide, i ’

Thi b Faed b dily adaptable to a wide variety iC€ of species from hibernation, and reproduction of species
1§ method was tound to be readily abie ”

- 3 e :[" eed in holding their positions in the stream.
stream conditions and allowed the investigator to determine role played by current in limiting the distribution of insects
over of bottom fauna, rather than merely the populationf both 4 s has been investigated by many workers including Clemens
tively and quantitatively, at frequent regular intervals. Ide fount _o.dds and Hisaw (1924 a and b, 1925 a), Hubault (1927),
his method gave a much higher value for the quantity of bottom x _ Skl (1929), and Hora (1930). These studies emphasize the
present in an area than was obtained by means of bottom samEs “HS to and utilization of the current by typical lotic inhabi-

panying sedimentation on the insect fauna of a rapids; the
ayed by temperature in limiting the distribution of species in
e areas at various distances from the source; and the dis-
1 of species on different types of bottom in a restricted section

HistoricaL ReviEw

he effect of an intermittent flow and stagnation on the distribu-
' | survival of aquatic insects in a stream of the Panama Rain-
was studied by Allee and Torvik (1927), who concluded that
| dissolved oxygen content of the water were likely the most
int factors affecting the distribution. Stehr and Branson
carried out an extensive ecological study of an intermittent
1in Ohio and found that the insect fauna was limited both in
$ and variety during periods of low water.
1y authors have reported marked reductions in bottom fauna
18 severe floods and freshets in various streams. Moffett (1936)
lined the change in the bottom fauna of some Utah streams

i

[y
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¥
tants. Wu (1931) found that in general the Simuliidae (D } :
1 3 P fiel 1 f ma-
had an “‘inherent current demand,” as opposed to a requir '3 ) el both 11 t'he oy .d i t_he SL_Ibsequent T S|
, b [UiTemeny =  well as in the interpretation of the data, has made this paper

a high concentration of oxygen, which limited their distributi{)n X s
his work on the function of the gills of mayfly nymphs from dig.
habitats, Wingfield (1939) came to the same conclusion,

Temperature has been shown by several investigators tg limig
distribution of stream insects. Dodds and Hisaw (1925 b) detepy
the altitude range and zonation of the species of Plecoptera, Eph
eroptera, and Trichoptera along the valley of South Boulder ¢y
Colorado. They found that temperature was the main climatic fy
responsible for the observed zonation. Ide (1935) studied the e
of temperature on the distribution of Icphemeroptera in the Nottaya,
saga river system, Ontario, and determined that temperature gef
limits to the distribution of these insects within which are other lim
correlated with other environmental factors. Whitney (1939) inves
gated the thermal resistance of several species of Ephemeroptera fro
various habitats in a stream and found a direct correlation between
resistance of nymphs to high temperatures and the temperature ob
taining in the respective habitats. 5

Investigations on the effect of type of bottom on the insect
tribution in streams have been stimulated, in recent years, thr
the extensive research on stream improvement that has been
cut in North America. Valuable contributions in this field have
made by Needham, . G. (1927), Needham, P. R. (1927, 1928, 1%
1934), Carpenter (1927), Percival and Whitehead (1929, 19
Pate (1931, 1932, 1933), Moore et al. (1934), Morofsky (19
Tarzwell (1936, 1937), Surber (1936, 1938), Gersbacher (19
Wene and Wickeliff (1940), Linduska (1942) and others. In g€
the quantitative results of these investigations have shown a Pr
tivity gradient of bottom organisms related to the types of bOHE
decreasing from plant beds and silt through rubble and gravel t0
and bedrock. The qualitative results have shown the existenc€ %
tinct habitat preference for specific types of bottom by the majorist
stream insects.

ereps _ investigation was carried out at the Ontario Fisheries Re-
' Laboratory in Algonquin Park, Ontario. Special thanks are
the Professor W. J. K. Harkness, Director of the laboratory, for
ng the use of facilities and for encouragement in the study, and
essor J. R. Dymond, Dr. F. E. . Fry, and Dr. R. R. Langford
many timely suggestions in the field. The author is deeply
' ;‘.. the other members of the laboratory for their willing as-
at all times.

dness of Dr. E. M. Walker in providing facilities for the
tion of the research at the Department of Zoology, University
nto, during the winter months, is earnestly appreciated.

‘: ue of the paper has been greatly enhanced through the
ion of the late Dr. T. H. Frison and of Dr. H. H. Ross of
nois State Natural History Survey Division in identification of
ptera and Trichoptera respectively.

partment of L.ands and Forests aided whole-heartedly in
free use of its equipment both in Algonquin Park and Whit-
ario, and the author is particularly grateful to Mr. F. A.
all, former Superintendent of Algonquin Park.

¥. acknowledgment is made to the National Committee on
ture of the National Research Council of Canada for the

ded to this investigation through a special grant to Pro-
P. Ide.

ON OF DRAINAGE AREA, STREAMS AND STATION SITES

creek and its tributary waters are situated along the south-
fary of Algonquin Provincial Park, Ontario, at 45 degrees
S North latitude and 78 degrees 15 minutes west longitude.
‘ €xtends for 8 miles in a general southerly direction from

Aters at an altitude of 1,400 feet to its termination in
o © a3t an altitude of 1,281 feet, and drains an area of 6
(Topographical Survey of Canada, 1934). Galeairy lake
- O the Madawaska river which empties into the Ottawa

%€ town of Arnprior.
2
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: ‘-strict in which Mud creek is located is part of the extensive

prian shield area. The rock consists of masses of granitoid
< and light-coloured schists, characteristic formations of the
n Period of the pre-Cambrian Era. This district is in the
,_portion of the mixed conifer-hardwood forest. Prior to 1900
a around Mud creek was heavily wooded with red and white
‘at that time much of the original forest was cleared by in-
bering. In 1914 a devastating forest fire swept through
; ion and left it landmarked with charred rampikes which now
&L aracteristically here and there among the new growths of sub-
Mud Cr. 1 D oplar and birch. On the exposed slopes, where the soil cover
Hardt acl( L , the fire burned through, baring extensive areas of rock,
e sheltered slopes and swamp sections were untouched and
onsiderable stands of conifers and hardwoods are still found.
g annual precipitation averages about 35 inches and this is
_1ributed throughout the seasons with the winter complement
s snow. LThe average monthly mean temperatures range from
srees Fahrenheit in January to 65 degrees in July.
1 creek (figure 1) arises as the outlet of a small lake, 8 acres
which is surrounded by steep wooded hills. From its source
fam meanders 400 yards through an open beaver meadow and
lens into a small pond maintained by a beaver dam 8 feet
overflow and seepage water from the dam flow intermit-
Ig a narrow rocky channel 3.5 feet wide with vertical banks
The banks support a dense growth of grasses and shrubs

\v/h/fney 4

N 0
" £
Smith L. / /

’
/
7
h

{
N
3]

N

Bagtalis L.

N

\Q"‘o

\

Clarke “\\1..

5\‘6 ! des the stream throughout most of the day. Station 1 (fig-
dvjd ‘f S situated in this section of the stream, 50 yards below the
‘:t‘aA g Y m. This section of the stream dries up in midsummer in

gl AP / : ‘ears,
O 2 was selected in a rocky riffle area 150 yards downstream
" 1 A small volume of cold water that flows continuously
€ltered sphagnum bog and joins the stream 50 yards above
‘rowdes a permanent flow. The flood channel at station 2 is
: de with sloping banks covered with grasses and shrubs but
» not dense enough to shade the stream completely during

Galearry L.

-
Otter Cr. \ ane A3

. piente no
The numbers ind<s W N period of each day. Extensive tufts of aquatic mosses,
' “Ontinalis dalecarlica Bry. Eur. and Chiloscyphus fragilis
- ‘ffn - trail in the current from the rocks at the water’s

'l Station 2 the stream flows down a steep rocky decline and
lto Whitney lake.

F16. 1. Map of Mud creek drainage system
the positions of the station sites used in the mvuuguuon
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| Whitney lake has an area of 22 acres and a maximum depth ne n
feet. In addition to the small permanent stream described aboye 3
| intermittent streams that flow only during the spring and pey,
: ' heavy rain, empty into the lake. The water passes through a
I8 narrows into “Castalia” lake which is a shallow, elongate Iyke Of
| acres and has a maximum depth of 17 feet. One stream with , N
manent flow empties into “Castalia” lake and the lake is also feq
Smith lake which has an area of 10 acres, a maximum depth of 3
feet, and one temporary stream flowing into it. -
The water in all these lakes is distinctly brown and acid iy »
action. There is a sharp thermocline at 15 feet during midsumyp,
The surrounding shores are characterized by wooded slopes alte
ing with low marshy areas which support dense growths of alder -
various bog plants, while rooted aquatic plants are abundant in ¢
shallow shore areas of the lakes.
From “Castalia” lake to Clarke lake Mud creek averages 10 fi
in width and one foot in depth throughout most of the summer. Th
are frequent riffles where the stream flows rapidly over bedrock,
ble, or gravel, followed by short, deep pools with mucky bot
There are several beaver dams in this section which vary in size
mere obstructions to the main current to dams that flood an ar
large as 4 acres. The stream is bordered with alder, birch, and
with grasses and sedges at the water’s edge. This vegetation pr
the stream from direct insolation with the exception of the b
ponds and wide parts of the stream. Four small streams join
creek in this section, three of which have a permanent flow. Sta
3a, 3, 5, 6, and 7 were selected in this part of the system.
Station 3a (figure 4) was situated 800 yards downstream =
“Castalia” lake in the centre of a rocky riffle. The flood channel at %
station was 8 feet wide with vertical banks which were covert
herbs and bushes. A few sedges occurred at the stream margin
stream continued along a narrow rocky channel for about 01€
and thence emerged into a large open meadow, through W
meandered in a deep, silted channel. The water flowed over 9
feet high at the end of the meadow and passed down a Shml-tin |
rapids in which station 3 was established. The flood chann€ =
part of the stream was 18 feet wide. Station 5 was situate el
downstream from station 3 in a deep placid pool in which #5

Fre, o _ Saly " . §
IF1g. 2, Hlustrations of stations in the stream.

Pber lefi —Syation 1, spring 1940,

PPer right—View of gravel bar below Station 6, summer 1940
. left —Station 7, spring 1940. '
SOEEY vight—\iow of sand bar below Station 7, summer 1940,




trap in position in

Fig. 4.—A ca

river,

Madawaska
spring 1940, looking northeast {rom the
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cisted of muck and decaying organic matter. Clumps of the
Carex rostrata Stokes, were present in the stream but there
2 clumps in the station site proper. From station 5 the stream
ugh a dense alder swamp for 400 yards and thence opened
ing and flowed down a long, shallow, gravel riffle in which
6 was located. The flood channel was 16 feet wide and was
| flowing during the spring but the stream was reduced in the
»r months and long gravel bars became exposed (figure 2). The
were covered with herbs and grasses but these were too low
‘the stream during most of the day. Station 7 (figure 2) was
feet below station 6 where the current was reduced and
consisted of fine sand. The flood channel here was 14
e and the banks were covered with grasses, herbs, and alders
ively shaded this part of the stream. A wide sand bar
osed here during the summer period of low water (figure 2).
ke lake has an area of 51 acres and a maximum depth of 38
water is dark brown, acid in reaction, and there is a sharp
ine between 15 and 20 feet in the summer period. Three

Station 3a, May 10, 1940,

the stream.

y, Mud creek flows sluggishly through a thick alder swamp.
el averages 4 feet in width and 3 feet in depth and the
ists of sand and gravel covered with silt and organic
d creek empties into Mud bay through a wide marshy
ch the stream is diverted into several channels.
bay possesses a relatively narrow channel of open water
_'hounded for 200 yards on either side by shallows with
S stumps and deadheads rising above the water surface.
level in Galeairy lake is maintained by a dam constructed
_ Madawaska river at the town of Whitney. This has flooded
.&.ﬂd Mud creek back as far as Clarke lake so that it seems
"f- the stream originally flowed directly into Galeairy lake.
S 4, 4a, and 41 were located in the Madawaska river (figure
ely below the dam in a large rocky rapids. The volume
ough the sluices of the dam was so great that the stations
clected to one side of the main current. The flood channel
£ 15 150 feet wide and is strewn with large boulders many
,€asure 10 feet in diameter. Small stands of poplar and
T €1usters, grasses and shrubs cover the river banks, but
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otation 3, where different types of bottom prevailed so that
~¢ of factors other than type of bottom would be minimized.
4a and 4b were established beside station 4 in an extensive
. here all conditions were apparently identical.

rvations of certain physical and chemical properties of the
Lcluding rate and volume of flow, colour, oxygen content, and
e made only at intervals throughout the investigation, while
of water at station 3 and the water temperature at each
vere recorded daily.

llustrate representative water conditions at the stations, table
-. | Prepared from determinations made during the summer of
values in the table are the averages of six observations
June 17, July 16 and 30, August 11 and 26, and September
the exception of the pH, oxygen content and percentage satur-
stations 5, 6, and 7 for which the values represent the results

because of the width of the channel the stations were exposed t0 dies
sunlight throughout most of the day.

The Madawaska river is representative of the large river
tions found in Algonquin Park while Mud creek is representaﬁ
the smaller streams so numerous in this district.

Puysico-CaEMICAL CONDITIONS

ere
The station sites were selected to provide information on specie.
phases of the ecology of stream insects. Stations, 1,2, 33, and 4

TaBLE 1.—Average physical and chemical conditions at the stations iy
summer of 1938. The figures represent the average of six determinations
on June 17, July 16 and 30, August 11 and 26, and September 9, with the ¢
tion of those for the oxygen content, percentage saturation and hydrogen
concentration at stations 5, 6, and 7 where a single water analysis was made’
August 12,

: | gle water analysis made on August 12. Station 3a, 4a, and
Station 1/Station 2/Station 3/Station 4/Station 5/Station 6/Station ot included in the table since these were not in operation in
{— wever, from observations made in later years, it was found
Type of bt (ol e, | itkte | Matk | et conditions at station 3a approximated those at station 3, and
\\;)gtt}?:gfeet u1_3L u5.8 12.8 | 85.0| 12.5 8.7 .7 s 4a and 4b were identical with station 4.
. 3
Dsenpcth}:gsm. O M = R 5.7 | 215 | 149 | 6.7 | 128 . 3 Apparatus and Methods
Rate of flow i i 08 .‘:'.' temperature was recorded continuously at station 3
vloﬂluf;*?et/osf‘-‘c- 0.1 0.4 0.9 - ] ' S of a .Negrtiztti :’—J,I‘ld Zambra distance recording thermometer
flow in S In operation in each of the three years. The temperatures
T Y N | 0.5 4.8 | 288.0 1.9 4.0 T stations were obtained from maximum-minimum or hand
Colour. . ... 69 56 115 32 o ters. Daily readings were made at the times the stations
Dissolved [ All times referred to are Eastern Daylight Saving Time.
(gz;’fe" in v | ' i 6.4 6.9 6.3 of water was recorded daily at station 3. This was
Percer;;a;g.e” . 02 =€ 'rom a stake graduated in inches which was driven into
saturation.| 91 97 93 99 91 92 b@d with a zero marl at the surface of the bottom particles.
Hydrogen ‘ | Tecords of depth were made at all other stations by de-
itcr):ticsr?cen- 6.1 6.2 6.6 6.4 6.7 6.5 - the average of several direct measurements made with a

" of flow of water was obtained in 1938 by submerging a
*4Ched to a spring, to a standard depth and reading the
& graduated scale along which the paddle was deflected
TNt (Solman, 1939). This apparatus was calibrated so

chosen in the centres of rocky riffles, throughout the length of ¥
river system, in order to minimize the effect of factorS'Cﬂlher :
distance from the source on the insect distribution. In a like o @
stations 5, 6, and 7 were selected in a short section of Mud ©=
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rer stations and probably resulted from the photosynthetic ac-
of aquatic mosses which covered the rocks at the station site.
rhe percentage saturation in 1938 ranged from 84 at station 3
16, to 112 at station 2 on September 9; the average sum-

value at each station approximated complete saturation.

that the readings could be converted into rate of flow in feet
second. In the succeeding years the rate was determined by .
ing the average time required for a small piece of wood to traye
a measured distance in the stream.

The volume of flow was calculated from the equation of FEpyp. .
(1927) which contains a factor for correction of “bottom drag» g

The colour of the water was determined by comparison with »
series of coloured glass plates which had been calibrated againg
set of platinum cobalt standards (U.S. Geological Survey, 1902), '

i~

Hydrogen [on Concentration

he water at all the stations was acid in reaction with a range
o 6.7 recorded during the summer months of 1938.

1 Type of Bottom

bottom at stations 1, 2, 3a, 4, 4a, and 4b consisted of rubble
s overlying coarse gravel. Station 3 was characterized by this

TaBLE 2.—Periods during which collections were made at the stationg i
1938, 1939, 1940, and 1941,

= c l 1 . - .
Station ype of bottom during 1938 and up to the end of June in 1939.
ok 1038 1939 | 1940 1941 ype : - P J
: | |_ , at this date beavers constructed a dam across the stream,
Ba 1 ;‘1_\ 31-Sept. 18 May 17 - Sept. /5| AU I , rds below the station, which reduced the rate of flow and altered
2 May 25-Sept. 18 Ma} 17-Sept. 11|May 11 - June 30 May 8 - Jun ture of the bottom since sand, silt, and organic detritus were
3 May 25 - Sept. 18May 17 - Sept. 11{May 12- Aug. 31! ...... . ted among the rubble as the transporting power of the stream
gt Wl — s SERRE May 11-Aug. ?}Nay 8 - Jun ced. This condition persisted throughout the remaining years
4 June 6-Sept. 18 May 17-Sept. 11/ May 25-July 22} ...... e
AR | e 1 A Py G July 3 - July - Ies 1ga 1on._ i .
4B _' } ,,,,,, Tuly 3 - July 18 thick layer of soft muck constituted the bottom at station 5
.......... July o _ : _ :
5  June29-Sept. 17 June 6-Sept. 11 June 1-Aug. 31 ... :made up of fine inorganic particles along with a considerable
6  |June29-Sept. 17 June 6-Sept. 11|May 12-Aug. 31} ... it of decaying plant remains. Station 6 was selected on a gravel
7 June 29 - Sept. 17/June 6-Sept. 11|May 11:;\ug. 31I_ e

0 with the individual pebbles averaging about 34 of an inch
fatest diameter. The bottom at station 7 consisted of fine sand
ch 10.9, 72.6, 15.9, and 0.6 per cent was retained in number
‘@; and 200 standard sieves, respectively-

Flow

anent flow of water was maintained at all the stations
the four summers of the investigation with the exception of
' 1 where an intermittent flow occurred in the midsummer of

The dissolved oxygen was determined by Miller’s method &
described by De Laporte (1920). The percentage saturation of
water was obtained from Roscoe and Lundt’s table; no correctiol
was made for variations in atmospheric pressure.

The pH was determined by means of a Lamotte optica
tor (Lamotte Co., Baltimore, Md.).

| comparé

Oxygen

The water at all the stations was well oxygenated throughout

summer season with a general increase in the dissolv'ed O{}’g':n

tent occurring during the latter part of August and into bepunﬂ

In 1938 the values ranged from 5.6 cc/l at station 1 on Jen
to 9.8 cc/1 at station 2 on September 9. The diss'olved QX)’g
tent of the water at station 2 was consistently higher than

Tate and volume of flow at the riffle stations increased down-
fom the source region, represented by stations 1 and 2, to
el large river region of the system which was represented by
T The rate and volume of flow at stations, 5, 6, and 7 were
ated to the types of bottom existing at the respective sites.
3 values at all seasons were recorded at station 5 and in-
“irough station 7 to station 6.




14 StrEaM INSECTS IN ALGONQUIN PARK, ONTARIO STREAM INSECTS IN ALGONQUIN PARK, ONTARIO 15
yimes at which the first and last stations were visited each day.
" _Jer to minimize the effect of this difference in times of observa-
' the average of all the temperature readings obtained from a
sion for a complete summer was determined, along with the aver-
pime at which these readings were made. The average summer
at station 3, for the same time of day, was determined
the charts of the constant recording thermometer which was in
jon at this station throughout the four years of the investiga-
. The difference, in degrees Fahrenheit, between the average sum-
B en perature at each station at a specific time of day and the aver-
er temperature at station 3 for the same time of day, was
sined for each year. The average of these differences has been
obtain an index of the temperature relationships of the

Maximum conditions of flow prevailed at all the stations duripe
the spring flood period in May of each year. After the flood the flo ¢
gradually decreased and minimum values generally were recor, dw
in late July and early August, although this depended largely of
the weather. Severe thunderstorms or prolonged periods of Steady
rain induced secondary maxima of short duration which simulatei_
the spring flood in the small source streams. :

Depth

In general the average depth of water at the stations Increaseq
as the distance from the source region increased. The lowest vajye
was recorded at station 1 and the depth increased through stationg
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 0 as the size of ‘he average summer water temperature at the rocky riffle stations
the bottom particles increased. jich were selected at different distances from the source, increased

A typical record of the seasonal change is shown in figure I, ynstream from station 2 through stations 3a and 3 to station 4.
Sprules (1941). There is a rapid decrease during May as the spring e complete period of the investigation the average temperature
run-off subsided, followed by a long period of steady decrease in the ation 3 was 62.0 degrees Fahrenheit. The temperature at station
summer months during which time minor fluctuations occur, de- raged 6.1 degrees lower than station 3, station 3a averaged 1.7

pendent on local rainfall. A slight increase in depth was observed

rees lower than station 3 and station 4 averaged 5.4 degrees higher
in the early fall season which was probably related to the decreased ion 3. Although station 1 was located close to station 2 in
rate of evaporation. :

er section of the stream, the average temperature was only
ees lower than that at station 3. The relatively high tempera-
ailing at this station, when its position with respect to the
p 1S considered, was dependent on the intermittent nature of the
at the station.

Colour

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

in most waters of this region. The values obtained from water sampl

taken during the summer of 1938 ranged from 27 at station 4 Of
August 11, to 145 at station 3 on July 16. The average sum

values for 1938 ranged from 32 at station 4 to 115 at station 3.

relatively high values found at station 3 probably resulted from P

increased amount of dissolved material added to the “"ater-a: !
meandered through the open meadow above the site of the statiof

"€ average temperature differences between stations 3, 5, 6, and
R 1 were selected close together in one section of Mud creek,
Small. The temperature at stations 6 and 7 averaged 0.2 and
Srees Fahrenheit higher than station 3, while at station 5 the
temperature was 0.4 degrees lower than that at station 3.
5 larg§5t diurnal temperature fluctuations were recorded at
' during the latter part of July and early August each year
_tm‘ced to 17.5 degrees Fahrenheit in some instances. The
- “UCtuations at station 2, which was situated close to the
_'a""d at station 4 where there was a much larger volume of
. “€T€ smaller than at station 3. The maximum water tempera-

Temperature
The water temperature at each station was determined 0f1cc 2
in most cases, at the time the station was visited. Thus a direct
parison of the temperatures at the different stations Coul-dbet
made, as there was an average time lapse of about 3 hours

not
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: general, collections were made daily but during the summer
2@ the cages at stations 5, 0, and 7 were left in position in the
- put were visited on only two consecutive days each week. In
Iter case the cages were cleared the first day and a collection
, the second day which thus represented the insect emergence
receding twenty-four hour interval. Further modifications
gmleral method were used at stations 4, 4a, and 4b, where oc-
onal diurnal series of collections were made in 1939, 1940, and
These collections were made at one-, two- or four-hour inter-
v a twenty-four-hour period.

the examination of the collections the Plecoptera, Ephemerop-
and Trichoptera were identified with species whenever possible,
. orders were selected for specific determination since they con-
d by far the greatest volume of material in the collections. The
ing aquatic insects collected were identified with family only.
ensuing discussions of the quantitative distribution, the total
mergence has been considered under six separate headings, the
a, Ephemeroptera, Trichoptera, Chironomidae (Diptera),
e (Diptera), and “Miscellaneous.” The last heading is
of a heterogeneous assemblage of insects which occurred
ely small numbers in the collections and includes Empidae
1), Ceratopogonidae (Diptera), Tipulidae (Diptera), Hem-
ae (Neuroptera), and Coenagrionidae (Odonata) for the most

ture recorded during the investigation was 85.0 degrees F;.Lhrehheit
which occurred at station 3 on August 16, 1938. Although the avey
age summer temperature at station 4 was greater than that at Statim:
3, the maximum temperature found at the former station wpyg only
79.5 degrees TFahrenheit.

The same seasonal trend of water temperature prevailed a¢ all
the stations and consisted of a rapid increase during May followeq by
a prolonged period of more or less constant high summer temperatyrg
and a rapid decrease in September. The temperature at station 2 g
lower than at station 3 at all seasons although a much greater deyj.
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 1.
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 da
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 brea
up to freeze-up, were included in the compilation of these ﬁgﬂf&‘
Thus it would seem that the total heat budget in any specific 5ect1 '
of a stream shows little annual variation although the seasonal d
position of the heat may vary considerably from year to year depen®™
ing on annual climatic differences.

€ are several sources of error associated with the cage-trap
d of collecting aquatic insects. Many of these have been pointed
€ (1940). These, briefly, are the introduction of biting in-
1 the person of the collector, the drifting in of occasional ter-
OTms, passage of small species through the mesh of the cage,
O 10 numbers after emergence by the predation of spiders and
% Occasional escapes when the cage door is open, shading of
j Sed area, and possible destruction of the aquatic stages
‘dlS'turbance of bottom when the collector moves about.
“-tloﬂs were taken to reduce those errors as much as pos-
LS POpulation of biting insects was taken as double the number
Which do not bite and thus are not likely to have entered

Biotoctecat, CONDITIONS

Apparatus and Methods .
1 o g 3 e (NEESE
The cage-traps (figure 4) used in this investigation wWere¢ = o

{11
duced by Ide in 1937 (Ide, 1940), and have been used by him in 3
iar stream studies since that time.
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on August 14 and 15. In 1940, a similar series was run on
and 5. The results of these collections showed that the num-
asects collected over a twenty-four-hour period during which

on the collector. Terrestrial insects were disregarded. The Cage yae
tapped to free the door of insects before it was opened. A seat -‘s
constructed in one corner of the cage to reduce the necessity of
turbing the bottom. '
Certain observations were made during the current investigaﬁm_
which supplement the previous findings. Ide’s estimate of 200 4 Fihitag
probable maximum number of Simuliidae to be carried into 5 500 [— =
during a season appears to be low for some situations. A new ; m]]] DAILY COLLECTION
mate of the number of insects to enter a cage in this way was obtaj 400 |~ 3
from analyses of the collections made at station 5 in 1939 and 1 \\\} ISMER: 3
% 4 HOURLY »  —

STATION

Fs
w

Z
Z

This station was characterized by deep, quiet water and a mygly
bottom while the larvae and pupae of Simuliidae are found in gep.
eral in shallow, swiftly-flowing sections of a stream with a rocky
bottom. No male individuals were found in the collections while”;'
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, s |
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 coi
lected of which 1,753 were Chironomidae (Diptera). These num--
hers are in error since for a short period in midsummer the numbel
of Chironomidae present the day the cage was cleared each week
so great that these could not all be removed in the time available
complete the collection. Thus, although the collector concentrated o
the removal of the representatives of the other insect groups @
succeeded in removing all these, a certain number of Chironomi¢
were left and these augmented the number of insects collf.:Cted
following day. This particular instance was the only one in W
such a discrepancy arose since at all other stations the clearance
the cages was complete each day.

A previously unrecognized error which results from
of collecting from the cages only once each day was brought 0 .
from the results of a diurnal series of collections made at the 51t
station 4. This error is perhaps the most significant of all. In
two series were run at two-hour intervals, the first from 11. k
August 4 to 11.00 am. August 5 and the second during the

300 [—

T
1
|
.|
1

200 (—

722

G722

STATION 4A

500 —
400 |—

300 |— T
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200 —
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JULY [94]

. al insect emergence for twenty-four-hour periods at
= and 4b from July 3rd to 13th inclusive, 1941, showing the results
Ag the cages once a day, every hour and at four-hour intervals.

the practi®

The tot
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collections were made at two-hour intervals was more thgy, oyl _ <urface and be carried out of the cages by the current. Col-
the number obtained when only one collection was made iy t“’en- . at short intervals reduced this possibility and tended to in-
four hours. o

the numbers of all the groups in the collections.
. is desirable that a correction factor be established to meet the
TTor resulting from the causes discussed and perhaps others re-

esiod ble for the discrepancy between the results shown by daily and
nated as station 4a and 4b, and collected alternatel_\' onece a day -,' ~equent collecting methods. This is ilnpOSSSib]C at present as a

every hour for a period of four days and thence alternately Once 5 of the limited amount of data at hand. The diurnal series of
day and every four hours for a period of four days. Thus each g ons have shown that the quantitative results obtained in this
one cage acted as a control for the other with respect to the daily @vestigation are too low to give a true picture of the actual
method of collecting. Once again, in every instance, the hourly ang 2 ergence that occurred at the stations. However, since the
four-hourly collection showed a marked increase in the number , ds of collecting used fall into a standard pattern, the number
insects that emerged in a twenty-four-hour period over the num ects collected at each station is probably uniformly relative to
obtained from daily collections. This increase amounted in some al number that emerged. Thus the results of the investiga-

to more than double the number (figure 5). The total increase wa significant for comparative purposes without application of
made up for the most part by individual increases in the number g otion factor for this error.

Chironomidae (Diptera), Baetinae (Ephemeroptera), and He ¢
erodromia spp. (Empidae, Diptera), insects of small size. Less pro-

nounced numerical increases were shown by other groups such
Chimarrha spp. (Philoptomidae, Trichoptera) which are larger i
size,

A somewhat more elaborate experiment was carried oy f
July 3 to 13, 1941, to estimate further the importance of ]yjs e
Two cages were placed in close association in the stream, 4

Ul

The Diwrnal Ewmergence of Insects from a Rapids

> method of making collections from cages at frequent intervals
hout a twenty-four-hour period, which has been discussed pre-
provided data on the diurnal emergence of insects from a
fifile in the Madawaska river. A detailed analysis was made
hourly collections taken at stations 4a and 4b from 11.00 a.m.
o 11.00 a.m. July 7, 1941.

1 twenty-four-hour period the hourly emergence was small
dnight up to an hour or two prior to sunset (figure 6). Dur-
_period there were only minor fluctuations in numbers, with
Imum emergence occurring between 3.00 and 6.00 p.m. The
increased suddenly between 7.00 and 9.00 p.m. and built
PIAly to a maximum at 11.00 p.m. This was followed by an

~~trease at 12.00 p.m. and thence returned to the low early
8 €lmergence level. An average of 60 per cent of the total

It is probable that the numerical increase described dbove was
resultant of the interaction of several factors. When COHL‘CLi(?HS
made at short intervals throughout the day, the Hemerodrona, Wi
prey upon other small insects, were constantly removed frt}fn
cages before they were able to reduce the numbers of the Chi
midae and Baetinae. This would tend to increase the numhfﬁ
the last two groups in the collections. Further, the Hmwrod'm'ﬂ“’
many of the Chironomidae were of sufficiently small body Sl?-e t‘;’:ﬁ
through the mesh of the screening. Thus removing these 115¢
short intervals would decrease the probability of their eSCf!_.ng-
tend to increase their numbers in the collections. The n}ost impoF:
single factor seemed to be the intense activity of all the msecftsom . — Occurred in the four-hour interval between 8.00 and 12.00
after they emerged from the water and was most apparent ;pteﬁ" e Same cycle was found in the diurnal collections made at
pm. to 12.00 p.m. During the evening hours the Epheﬂn‘erwer Etervals in 1939 and 1940 and at four-hour Teereuls 3o
the cages were almost constantly on the wing and t-hehelow
lowed later by the Chironomidae and Trichoptera, which sh

D3 . ; P b : ;
fall t0 = rate insect groups showed differences in the time of
same phenomenon, This activity caused many insects to

SMmergence 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 collectiopg .
during the late morning hours and early afternoon. The gy
emergence of Trichoptera and Chironomidae occurred between 1
and 11.00 p.m., and the coincidence of the separate maxima of
two groups was responsible for the 11.00 p.m. maximum ghg,
when the total quantitative emergence of insects was considereq,

.éetailed analyses of the hourly collections disclosed that
.5 within any one group of insects emerged at specific times
 For example, of the Ephemeroptera obtained during the
ation at stations 4a and 4b, Pseudoclocon virile was taken
e 4.00 and 5.00 p.m. collections; Ephemerella sp. emerged
- 7.00 and 8.00 p.m.; Baetis sp. (near pygmacus) between
9.00 p.m. with the maximum in every instance between 8.00
p.m.; Baetis flavistriga, Leptophlebia wvolitans, Stenonema
and Stenonema lutewm showed their maximum emergence
9,00 and 10.00 p.m.; and Stenonema heterotarsale emerged

T T J 1 U ) T T L ‘ I !

i 10.00 and 11.00 p.m. The relation of the times of emergence
§ gt ies was observed each day at both stations. One ex-
= = s found in that Isonychia bicolor emerged between 7.00 and
% e | "’ general, but on July 4 at station 4a this species emerged
« 7.00 and 9.00 a.m.
‘c‘é 8 paxima of temperature and insect emergence did not coincide
2 enty-four-hour period. The maximum temperature occurred,
5o 1, between 3.00 and 5.00 p.m. and the minimum at about

ﬁhile the maximum emergence occurred at 11.00 p.m. The
e began to build up to this maximum between 8.00 and 9.00
ch corresponds with the onset of sundown and indicates that
mpetus for emergence is related to a decrease in light in-
18 probable that temperature is of importance in completing
opment of an insect on a specific date but emergence does

751

%

TEMP.

70 | f | 1 | ! 1 i i | 1 1 " : h ; ; g ; : ;
12 12 12 12 12 12 12 12 12 ntil the following period of decreased light intensity which
e o e, . JuLy 7 timulate activity and result in the completion of the aquatic
Ju

perature f the insect.

7th, 194 " investigators have obtained similar results regarding the
mergence of aquatic insects. Miller (1941) found that the
,.__K.f!f Chironomidae from shallow water in Costello lake, Al-
FPark, occurred between 4.00 and 7.00 a.m. (Standard
_ the deep water the emergence was equal throughout the
'ﬂ»ﬂd Opdyke (1941) investigated the emergence of insects
1004 lake, Indiana, and found that the Diptera emerged, for
Part, between 6.00 and 12.00 p.m., with in one case a smaller
n 400 to 6.00 a.m. (Standard Time). They state that the
T2 emerged during the first part of the night, in general, but
emerged during the day.

Fic. 6. The total hourly emergence of insects and water tem
degrees Faharenheit at stations 4a and 4b from July 3rd to July
beginning at noon.

these groups continued to emerge in reduced numbers througl':;y i
day and night. The Simuliidae emerged throughout ‘hede p
hours and in general were absent from the collectu?ﬂs ma y
darkness. The Empidae (*“Miscellaneous™) emerged in smal o
during the early afternoon, reached a maxi_mum ber.wet'ﬂ sp:‘-'
9.00 p.m., and did not emerge during the mght'. A single noill
Plecoptera was obtained during this study and it emerge -
p.m. to 1.00 a.m. with its maximum emergence at 11.00 p-
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The results of the present investigation showed conclusjyg
the diurnal msect emergence reached a maximum betweep 10_00

GrREAM INSECTS IN ALGONQUIN Park, ONTARIO 2

(821

 Number of insects that emerged at stations 3, 6, and 7 from
ugust 31, 1939 and 1940.

11.00 p.m. in a typical rapids in the Madawaska River, I: canng
assumed, however, that this relationship holds for other Streamg oo

for other seasons in the same stream. Since different species Meng
at different times of day, the specific composition of the bulk

emerging insects would affect the time of maximum emergence in
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 di.ffere-nt types g
bottom, a condition arose which afforded an opp‘ortumty‘ of determiy .
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 sud
on May 25, 1940, as the result of increased pressure brgught to b
by the rise in lake level following an extended perloq of heavy
fall. The water level in the lake dropped 3 feet during the day
this enormous volume of water cascaded down .Mud creek, ’()Ve.l‘ﬂ
mg the banks and causing considerable damage in that area. I‘hxcs[
dition of flood prevailed for 7 days as the water subs.ldcd gra _
and the stream finally returned to a normal flow. During th:ds :..
large rocks were observed rolling slowly downst.ream. an 3
and sand sections were moved as a whole and deposited m new .

Since the freshet occurred in the early spring, the numbe;er
sects emerging each day prior to the flood was toc.) smal‘l tO' d~ethe
its immediate effect on the population. Coupled with this “;?ring .
that the cages could not be maintained in the streavlln dl_-te .
height of the flood. However, the result (?f the_ flood 3:175 o iR
by comparing the insect emergence at'stahons 5, 6, an e a nom
iod June 6 to August 31 in 1939, which may be conside
season, and in 1940 (table 3). ' 5 coff

The total insect emergence for this period at Stazt;oindi\'id
sponded closely in the two years, .with 1,932 and 1E85 e
emerging in 1939 and 1940 respectively, a decreasefo t}.w i
the latter year. This decrease probably represents, Ul" C s sitid
annual vzu:int'iun in the insect emergenc_c, smlce the Rt::nmj;rrcﬂt' he
in a deep, slow-flowing pool, to one .31.de.ot the main ¢
the effect of the freshet would be minimized.

ITO]

T pter,

4 .-' Jbeen

Station 5 Station 6 Station 7
1939 1940 | 1039 1940 | 1939 1940
0. 1 105 10 7 5
608 138 191 64 385 28
56 110 34 36 15 20
1,247 1575 | 1187 595 | 1,360 757
0 - 0 | 590 562 10 18
21 3 | 88 29 34 44
1982 1827 | 2,105 1206 | 1,811 872

-Tences were found in tl
A€ that emerged each vear.
H€0USs to be discussed satisfactorily.
0rms with free-
While those with
Oy by the freshet.
“9%€ played by freshets in decre
Ported by several investigat
1937), Surber (1938)

found that duri

s 6 and 7 were located in the centre of the stream in a re-
allow section where the physical effect of the freshet would
L. A total of 2,195 and 1,296 insects emerged at station 6
1940 respectively, a decrease of 41.0 per cent in the latter
station 7 a total of 1,811 and 872 insects emerged in 1939
i respectively, a decrease of 51.9 per cent in the summer
y the freshet. Thus when these percent
the 5.6 per cent decrease noted at station 5, which repre-
® probable annual variation in numbers,
et brought about a
t stations 6 and 7.
I numerical

age decreases are com-

it is apparent that
significant decrease in the summer popu-

decrease observed at stations 6 and 7 in 1940
the individual decreases in the numbers of Plecoptera,
a, and Chironomidae, for the most part, while only
1e numbers of Trichoptera and
The “Miscellaneous” group is too

These results indicate

roving immature stages were reduced num-
attached larvae and pupae were not affected

asing the population of a stream
ors, including Needham (1927).
» Stehr (1938), and others. In gen-
ng periods of high water in streams
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~ dislodged unless able to acquire protection in the lee of bottom
.c or in crevices, while the species with attached larvae or pupae
crowing forms are able to withstand a much greater current.
. these species are just as vulnerable as the free-roving types
struction wrought by molar action which accompanies severe
in areas where the bottom is unstable.

many of the bottom organisms are forced from their ecologica) i
carried downstream and deposited in slow-flowing pools. If the
ent in the stream is gradual the freshet may detach only the i
that are free-roving on the surface of the bottom particles, byt i
gradient is steep even those forms that adhere tightly to the Partic
will be moved and thus dislodge or crush the insects present, Sya
(1938) reports that serious floods may carry much of the inye ”
brate fauna away while the population 1s restored by minor ,”'.
washing individuals into the area and by migration back to the grey
Needham (1927) placed a drift net across a stream during a sp
flood and found that almost every kind of aquatic organism found
the stream was washed into the net. The majority of these were
jured by the grinding action of the bottom particles and even lar
of Simuliidae, which normally live in fixed positions in swift wate
were found in the net. Tarzwell (1937) found that a severe spr
flood in streams of the Tonto Forest in Arizona reduced the amout
of “bottom food” by almost half. This figure is in close agreemen
with the 41.0 and 51.9 per cent reductions in emergence obtained i

¢ .' ffect of Intermittent Flow on the Insect Fauna of a Rapids

of the smaller streams of the Algonquin Park area are
erized by an intermittent flow and depend on run-off water
arflow from ponds for their volume., These streams assume
ple proportions during the spring flood and in periods of
Jocal rainfall, but are reduced in size and in many cases dry
etely as the summer drought period sets in. A small flow
red to these streams in the late summer and fall seasons.

tion 1 was situated in such a stream and here the volume of
s dependent on the volume of water maintained in a beaver
bove. The stream dried up completely for periods during the
r of 1938 but was not completely dryv at any time in 1939. An
ation of the insect fauna at the station was carried out to de-
to what extent an intermittent flow and desiccation affected
ct population.

the present study. _

The results of this investigation showed that the number gf in
sects that emerged from a scoured section of a stream, following
severe freshet, was considerably lower than would be expected um
more normal conditions. It is probable that the number that
emerge from such an area is made up of insects that were :.able
withstand the increased flow and maintain their original pf)sltiqﬂs 3
the stream or find suitable shelter, insects that were deposxted m g
area as the freshet subsided and were able to establish themselv
the new habitat, and insects that migrated into the area to 0P
more suitable environmental conditions. | - palloW

The effect of freshets on insect populations is protmm'd e
sections of streams and areas with unstable bottoms, whll.e thes
is greatly reduced in deep sections and areas with. rela.t'wcl}’sm
bottoms. One exception to this generalization 15 obv.mus SH.ICES“_ :
bedrock, although the most stable type of bottom toll!ld. in o a
offers no protection during a freshet and the.mcagre deC o
associated with this type of bottom would be quickly \\’&S{IC. g

Within any particular habitat, the resistance of the e-m“_“%cies
to freshets is related to their mode of life. The free-roving sP

B
ative Results

= Insect emergence, when compared in 1938 and 1939 showed
Ldifferences, and these were directly related to the relative dry-
the stream bed in the two years. A total of 5,017 insects
1 from June 1 to September 11 in 1938, of which 4,003 or
€T cent of the total emerged prior to July 17, at which date the
9¢d at the station became dry, while 1,014 or 20.2 per cent
& !lftgr July 17. The total emergence for the same period in
_¢,899 individuals, which shows that annual variation in
_.‘ 1ergence was slight. However, the seasonal distribution of
~-" emergence differed significantly in the two years, since
‘,66-8 per cent emerged prior to July 17, while 1,627 or 33.2
. nerged after this date. In both years the majority of insects
o _the period June 1 to July 17, but a greater proportion
emerged after July 17 in 1939 than in 1938. This relation-

Bl .
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ship between seasonal emergence and continuity of How wys the o
sult of definite changes in the different insect groups which vy, )
more directly correlated with the nature of the flow. p!

All the Plecoptera, lphemeroptera, Trichoptera’ and Simuyj
that emerged in 1938 (table 4) were collected prior to July 7 k.
in 1939, 32.1 per cent of the total number of Plecoptera, 35.2 per ioe
of the Ephemeroptera, and 9.0 per cent of the Trichoptera emg
after July 17. In 1939, as was the case in 1938, there were ng g
uliidae collected at the station after July 17, but since this Zroup com
pleted its emergence early in June each year, it is impossible frp
the results of this study to determine whether or not the drying
a stream would affect its emergence. [t seems probable from a g
sideration of the preferred habitat of the Simuliidae that this gro
should be included with the Plecoptera, Ephemeroptera, and Tri
optera as representative of groups unable to withstand desiccation, &
least in their active aquatic stages.

The remaining two groups, Chironomidae and “Miscellaneo
were made up of individuals which were able to survive the desi
tion, at least to some degree, since considerable numbers were
lected after the stream became dry in 1938. Twenty per cent of th
total emergence of Chironomidae in 1938 occurred during the pe
July 17 to September 11, and 34.7 per cent emerged in the same
iod in 1939. Part of this difference may be a result of annual variati
in the seasonal emergence but it seems probable that, for the m
part, it represents a reduction in the population occasioned by €
desiccation in 1938, .

Of the total number of “Miscellaneous” collected in 1938, 5
per cent were obtained in the period July 17 to September 11, %
only 13.3 per cent were obtained in the same period in 1939.
apparent lack of correlation between the reduction in number
sects and intermittent flow resulted since the individuals in this £7

were not identified beyond family, and likely many individuals
1 bed du

(19"

tered the cage from outside by crawling along the strean
the dry period and were, therefore, not truly aquatic. Stehr
reported a rapid influx of terrestrial insects on to a stream
. . HrODes
Female individuals were collected while the stream was dry and F
sained entrance Lo the cage fromt outside.

TaBLE 4.—Analvsis of the total insect emergence at station 1 from June 1 to September 11 in 1938 and 1939.
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Probably gained entrance from outside.

*Collected while the stream bed was dry.















































































