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ECOLOGICAL CLASSIFICATION OF CERTAIN
ONTARIO STREAMS

ABSTRACT

1 :'Thg standard methods of limnological investigation, which had previousl!
.en used, in Ontario, upon lakes almost exclusively, have been applied, WitK
e modifications, to a study of streams in this province. It appears that
ous organic and inorganic peculiarities of flowing waters may be corre-
to a degree sufficient to allow of a useful, if rather arbitrary, classification
made. The features utilized in this way are of three kinds: (1) physical—
ter of the watershed; width, depth, and kind of bottom of the stream,
ture and rate of flow of the water; (2) chemical—kinds and quantities of
and solids dissolved in the water; (3) biotic—kinds and numbers of plants
inimals which are members of the stream community.
ich a classification is proposed in this paper, and the peculiarities of the
of each division discussed in greater or less detail, with especial reference
food relationships of game fish. Most attention has been given to streams
ugh to contain speckled trout (Salvelinus fontinalis), and particularly to
Eard-water trout stream, the Mad river.
onomically, these studies should be of value to fish-culturists, as indi-
what features may most profitably be included in their necessarily rapid
ing surveys'’, and as an aid in placing a stream in its proper category
n only limited data are available.

INTRODUCTION

 In the past two decades many biologists have been
1pied in a study of the ecological relationships in which
auna and flora of lakes are involved. To-day, not only
ere available a large amount of detailed information on
bodies of water, but various methods of classification
ave been proposed which are, in their broader features at
St, apparently of general application throughout the
temperate region. In comparison with this intensive
dy of lakes, rivers have been almost uniformly neglected.
a few exceptions, such ecological data as are at hand
st of notes made incidental to systematic studies, or
the very general observations made in connection with
_ lanting surveys. The reason for this discrimination is
bably to be found in the overwhelming variety of habitats

-

{



8 EcoLoGICAL CLASSIFICATION OF ONTARIO STREAy ~ EcoLoGICAL CLASSIFICATION OF ONTARIO STREAMS 9
~ yolume of flow was calculated from the rate plus the
,eured width and average depth of the section; no correc-
~ was made for “bottom drag”.

‘Temperature was taken by means of a Tycos armoured

presented in streams and rivers, the inadequate g
treatment of their fauna, and the lesser economic i
of their fish.

Important information upon the general ecol,

ystematjs
Mportance

8Y of

certain streams in which speckled trout live is to be R jgrade thermometer, marked off in degrees and accurate
in publications by Hankinson (1922) and Kendall and Denrtl:fal e-fifth of a d?gree. Unless otherwise stated, readings
taken three inches below the surface. On the Mad

(1927). A study of the physical and biotic peculiarities of
mountain streams has been made by Steinmann (1907) an(::l
Thienemann (1912) in Europe, and by Dodds and Hisaw
(1924a, 1924b, 1925) and Muttkowski (1929) in America, A
number of authors have concerned themselves with the
physical and chemical characteristics of the waters of Ameri-
can streams: Belding (1928), Butcher e/ al. (1927), Coker
(1925), Cowles and Schwitalla (1923), Creaser (1930), Faigen-
baum (1930), Gutsell (1929), Powers (1928, 1929), Shelford
(1925), and Wagner (1926, 1927, 1928). Publications dealing
with the invertebrate fauna are numerous but widely
scattered, are usually purely systematic, and generally deal
with only one species or group of species. The papers
of Clemens (1917), Leathers (1921), Muttkowski and
Smith (1929), Needham and Christenson (1927), and some
others have given an account of the place of certain aquatic
insects in the life of a river.

In 1930-1, the author endeavoured to obtain information
on all of the above points from a single stream habitat—2
short section of the Mad river—so that an attempt could be
made at discussing the relationships of flora and fauna to
each other, and to the physical and chemical peculiarities @
the water. During the course of this investigation the posst=
bility suggested itself of extending to streams generally the
systematic ecological treatment which lakes have already
received.

ver a Negretti and Zambra continuous recording ther-
meter was also used. Its graph (figure 4) gives the tem-
rature in degrees Fahrenheit. It was checked by a Negretti
d Zambra standardized Fahrenheit thermometer. Owing
pointer drag, the recording thermometer registered 0.5° F.
low when the temperature was near a maximum, the
e amount too high when approaching a minimum, and
rious lesser amounts elsewhere. It was impossible to
srrect for these variations. Correction has been made for
onstant error: +1.2° F. in 1930, and +3.8° F. in 1931.
 Air temperature was recorded by means of a maximum
minimum thermometer, accurate to one-half of a degree
irenheit; it was mounted near the river, in the shade of
icket, five feet above the ground.
Oxygen content of the water was determined by a
lification of Miller’'s method, using ferrous-ammonium
dphate for titration. The solutions were standardized by
lerence to Roscoe and Lunt’s table of saturation values
tton, 1924, in appendix). Distilled water was saturated
th atmospheric oxygen at 18° C., in the fashion described
/ _utton. This standard solution was considered to be
Per cent. saturated, its oxygen content, determined by
1on, was compared with the figure given by Roscoe and
(allowance being made for atmospheric pressure, as
), and a corrective factor found for each sulphate
on. In some of the earlier work this standardization
*> Dot done in the laboratory, so samples of water taken
0€ field, at the foot of a long series of rapids and falls,
»© Considered to be 100 per cent. saturated, and the factor
Culated from them.
'All tables of saturation values are for an atmospheric

APPARATUS AND METHODS
I. Water b of
Rate of flow was determined by finding the icﬂ'gtance
time in which a floating stick was carried a measure distafis
by the current.
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pressure of 760 mm. (29.92 inches) of mercury. These Mugt
be corrected to give the value at the pressure Prevailing
when the determination was made. Pressure varies Wwith
the altitude of the station where work is done, and galg,
varies daily according to weather conditions. In lieu of
barometer the author has used the following formula ¢4
obtain actual pressure; it is derived from one given by Geddeg
q :
i b log p=1log po—0.00001570 H
where p=pressure at elevation II feet, and py=pressure
referred to sea-level, obtained from the daily weather bulleting
issued by the Dominion Meteorological Service.

The elevation of most stations may be found in White
(1925). The above formula is accurate at 15° C. air tempera-
ture. A deviation of 10° C. produces an error of only 0.2
per cent. at 1,500 feet altitude. For more accurate work,
or at hieh altitudes, the following formula may be used:

b

log p=log po—0.00453 T
where p, ps, and H are as above, and T'= absolute temperature
of the air at clevation H feet. In the present work, correc-
tions for atmospheric pressure have amounted to from two
per cent. to six per cent. .

Reference to Whipple and Whipple's table (Standard
methods of water analysis, 1925, p. 62) shows that the 153598;11'
ing of solubility of oxygen because of salts dissolved in lt;
water may be neglected in fresh waters which contain 1€
than 250 parts per million of solids in solution. @

Hydrogen-ion concentration has been measured lll)slue
a La Motte colorimetric comparator, with bromthymol ters:
phenol red, and thymol blue indicators. In hard waatis-
which contain much bicarbonate, these appear to b[e sfthe
factory; but in soft water it would seem that the pl Of the
indicator used (which is one-tenth of the volume c;xC e
water used) has a significant effect upon the pH of £ a
sulting mixture. lion, €%
bicarbonate content of less than ten parts per mil 10 'W
pressed as CaCO;.  On July 18, 1930, the pH reading

y jver ha '
For example, the Oxtongue rver ¥

ECOLOGICAL CLASSIFICATION OF ONTARIO STREAMS 11

'_ using the usual amount of indicator. When only half
rf’;tus amount was used, the intensity of the colour was, of
se, reduced, but its hue also changed, and indicated a pH
bout 6.6. However, pH readings from soft waters, even if
accurate absolutely, are comparable among themselves.
Determinations of free carbon dioxide (CO,) and bi-
~bonate (HCO;) were made by titrating with N /50 sodium
arbonate and N/50 sulphuric acid, using phenol phthalein
od methyl orange respectively, as outlined in Rept. Ont.
30ard of Health (1919). Hardness was tested by means of
‘standard soap solution. The author is indebted to Mr.
2 S, Pentland for many determinations of the chemical
ymposition of the water.

~ Samples of the upper seven cm. of a river bed were taken
y means of a dip net 143 inches (36.7 cm.) in diameter. The
g, through which the water and mud were strained, was of
rquisette, having 24 threads to an inch (9.4 per cm.).
ter taking a dredging, the area of the hole left on the
ttom was measured, with a possible error of about ten per
nt. For a few of the deeper water collections, an Eckman
dge having a gape of 77.5 square inches (500 square cm.)
;HSed; the constant clogging of the jaws and the incon-
€nience of operating it from a canoe limited its usefulness.
iter a dredging was washed in the net, the living animals
°re carefully picked out of the weeds, sand, or debris which
ned, and preserved in 70 to 80 per cent. alcohol. The
and rarer invertebrates, such as Benacus or Helisoma,
gC tht?n taken individually as they were seen. Imagos of
tUatic insects were collected by means of a net, or from
fder leaves of trees.

0 this paper four words denoting frequency of occur-
‘ ce hav-e been applic_(l to the invertebrates of the stream
M with the following arbitrary values:

.hAn 15 per square foot (=0.0929 square metre): Abundant
. Per square foot (=0.0929 square metre): Frequent
tier square foot (=0.0929 square metre): Occasional

an 2 per square foot (=0.0929 square metre): Rare
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II1. Fish

Sculpins, sticklebacks, and trout less than one and ,
half inches long were often taken in a dip net. A ten-fout

ently difficult to evaluate. The following is a list

: i tant:
more 1mpor . .
Chemical composition of the basic rocks and of the

; i - : h which the river flows, which deter-
minnow seine was used to capture slightly larger trout ang of the reglonbthlﬁlég?o:ltent and hardness of the water
many other fish. Large trout, creek chub, shiners, efc., wera « the bicarbon

“ith carbon dioxide content, its hydrogen-ion concen-
~ The waters of Ontario rivers are rather sharply
1.d into ‘‘soft or brown waters'' apq "‘hard or clear
<" corresponding roughly to th(—; dlws_lon of the pro-
_into a region of igneous rocks (1r_1c1u(11.ng most of the
mbrian shield) and regions of se:dlmentary rocks
" lv of Ordovician, Silurian, or Devonian age).

| ..‘-"T ype of soil and vegetation o.f tche watersheq, .which
the principal factors in determining the turbidity of

most often taken by angling, with either worm or fly as bait.

The length of a fish was measured in inches from tip of
snout to fork of tail. Girth was measured immediately ip
front of the dorsal fin. Weight of fish heavier than one
ounce (28.4 grammes) was measured by means of a posta|
scale which was accurate to the nearest tenth of an ounce,
Lighter fish were weighed on a balance accurate to 0.01
grammes. With a few exceptions, fish more than six inches
(15.2 cm.) long were measured and weighed soon after they
were caught and while they were still fresh; fish less than
that length were measured about seven months later, after
being preserved in formalin and alcohol.

Speed of current, which may be divided into (1) slow
s than 1.5 feet (0.46 metre) per second, and (2) fast—
han 1.5 feet per second.
. Type of bottom: Vegetable debris, mud, sand, gravel,
“boulders, bedrock, or hardpan.
- Temperature of the water.
Width and depth, which with C determine volume

IV. Stomach analysis

The contents of the fish stomachs were analysed singly.
The total volume of the contents of each stomach was
found by displacement of alcohol or water in a graduaté.
Items were then sorted and counted and the percentage of
the whole which each group formed was estimated. Irom
this the actual volume of each kind of food in each stomach
was obtained. Averages for a series of specimens were ?b'-
tained by adding together these volumes, then calculating
its percentage of the total volume of all the stomachs.

When only a few large items occurred in a stomaqhi
their several volumes were often found separately, by dm:
placement. In the case of very small fish, the total volumes
as well as the percentages, was estimated.

Flora, which is determined by A, C, D, E, and
bly F and H.

' Fauna, which is determined by C, D, E, F, G, by
aphical position, and by the presence of barriers to

tare influenced by almost all of the above factors.

penter (1928) has proposed a classification of the
- of Great Britain, on the basis of some of these
.!t is, however, incomplete in some respects when
= 10 Ontario waters, and includes some types which
€xact equivalent here. Shelford and Eddy (1929)
dham and Lloyd (1930) have given some considera-

CLASSIFICATION OF ONTARIO STREAMS

y : ; ¢ - ti0®
The factors to be considered in making a classmfﬂt

of streams are to a great extent interdependent, an
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Brasenia or Castalia; volume of flow on June
1 not greater than 100 cubic feet (2.8 cubic
metres) per second.

(ii) Slow soft waters. Bicarbonate content less
than 25 parts per million (expressed as
CaCO,), hardness less than 50 parts per
million; vegetation including Brasenia or
Castalia, never Chara; volume on June 1 up
to 500 cubic feet (14 cubic metres) per
second.

b. Swift trout streams. Stony bottom; moderate to
rapid current; vegetation of Cladophora or aquatic
mosses; typical invertebrates Hydropsychidae,
Heptagenidae, Simuliidae.

(i) Swift hard waters. Bicarbonate content
greater than 100 parts per million (expressed
as CaCQ;), hardness more than 150 parts per
million; Stmulium larvae merely frequent;
volume of flow on June 1 not greater than 150
cubic feet (4.2 cubic metres) per second.

(ii) Swift soft water. Bicarbonate content less
than 25 parts per million, hardness less than
50 parts per million; Simuliwm larvae ex-
tremely abundant; volume of flow on June 1
up to 500 cubic feet (14 cubic metres) per
second.

tion to differences between wvarious American streamg
chiefly as regards their fauna, but they too omit Many,
Ontario types. It has seemed better, therefore, to mal, -
preliminary grouping of Ontario streams into natural, though
intergrading, classes, without direct reference to Previoyg
work:

A. Creeks. Volume of flow less than ten cubic feet (0.28
cubic metre) per second on June 1; width less than ten
feet (3.0 metres).

i. Spring creeks. Permanent, usually spring fed; mayi.
mum summer temperature lower than 20° C,

a. Stony bottom, moderate to rapid current, vegeta-
tion of aquatic mosses.

b. Sandy bottom, moderate to rapid current, bare of
vegetation.

¢. Mud bottom, slow current, vegetation usually
water-cress, or none.

d. Bottom of dead leaves and other vegetable debris,
slow current, vegetation of mosses or none.

2. Drainage creeks. Not spring fed, or far from springs,
often completely dry in summer; maximum summer
temperature above 20° C., usually much higher.

B. Rivers. Volume greater than ten cubic feet (0.28 cubic
metre) per second on June 1; width greater than ten fectis
(3.0 metres).

1. Trout streams. Maximum summer temperature not
in excess of 24° C.; principal piscivorous fish, Salve-
linus fontinalis. )

a. Slow trout streams. Mud over most of botto™
slow current; vegetation of Nymphaea, sever
species of Potamogeton, etc. at

(i) Slow hard waters. Bicarbonate Contee .
greater than 100 parts per million (eXPressper;
as CaCOy), hardness more than 150 parts not
million; vegetation including Chara, but

- Warm rivers. Maximum summer temperature in ex-
cess of 24° C.; volume of flow with no upper limit;
Principal piscivorous fish of the families Centrarchidae
and Esocidae.

@. Stony bottom, moderate to swift current, sup-
porting typically a Cladophora-Hydropsychidae-
Etheostominae association (Shelford and Eddy,
1929).

b. Mud bottom, slow current; with a very varied
biota, including Nymphaea, Unionidae, Catos-
tomidae, and many Cyprinidae.

i
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The distinctions between swift-stony and slow-mudd
types are, perhaps, the most fundamental, from the point of
view of the biota, of any which were used in preparing t}?
table. They have been relegated to the third rank fo, the
sake of convenience, because swift and sluggish reaches Ofte::
alternate along the course of a single stream.

The “warm rivers” are entitled to much greater g,
division than that shown, but almost no informatiop is
available which treats of Ontario examples. '

The author has visited every kind of stream mentioneq
but the amount of attention which each has received has b:,;
no means been uniform—varying from a single casual examj-
nation to a prolonged period of careful study. The Mad
river has been most favoured, and the description of itg
various aspects will constitute the bulk of this paper. Never-
theless, each type will be discussed in its turn, following the
order given in the above outline.

STONY SPRING CREEKS

“B" creek, one of the tributaries of Little Wonder pond,
at Horning’s Mills, Ontario, is in its upper reaches a typical
stony spring stream. It rises from several springs in a small
cedar copse, flows out into a small pool in an old farmyard,
then through an open stony channel 200 feet (60 metres? lqﬂ&
which is the typical “upper section’ of this description:
Leaving the farmyard it enters a wood, mostly of evergreeis
flows for about 300 yards (270 metres), and is joined bY,--_
larger creek which had its origin in springs about 2 &
(1.6 km.) above. The combined streams flow out int9
grassy glade beset with scattered elms and popl_aI‘S- “l
the current again quickens and enters the typica
section”, distinguished from the upper by a higher an
variable temperature and a greater volume of flow:
two sections are compared in table 1. On July 24 there :
a temperature difference between the two of 5.4° C. 5° :
highest temperature recorded during the season was 18: >
at 3.00 p.m. on July 9—a very hot day; it seems P™

8 S m
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Physical and chemical features of a spring creek (B creek)
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.~ Leuctra. U and L, occasional.

that the absolute maximum would not exceed 20° C, The
Nemoura sp. (with gills at neck). U, frequent; L,

pH was less in the upper section than in the lower, and the

oxygen content greater, though the water of both reacheg occasional.
had reached saturation in this respect. Both were ricj i, Nemoura sp. (gill-less). U, frequent.
lime and carbonates, to an extent of 150 to 200 parts pe, ichoptera

million. The volume of flow of the upper section was nearly
constant throughout the summer; that of the lower increased
to double its normal value after a heavy rain. On such
occasions the water became rather turbid. Both sectiong
had a moderately rapid current, and a bottom of grave] of
small stones.
Aquatic vegetation in the stony sections of B creek
consisted only of lithophilous and clinging algae, and mosses
such as Fissidens, Fontinalis, and Hygrohypiwm.
Several collections of aquatic invertebrates were made
in the stream. Characteristic organisms were the stonefly
Nemoura and the caddis Hesperophylax designatus. Both of
these are more abundant in the cold upper section than in ~ Tanypinae. U and L, occasional.
the warmer stretch below, and are absent or rare in larger  Simulium. L, frequent.
streams. In the following rather incomplete list, the letter optera
U indicates that the organism in question was found in the. Helmis. 1., occasional.
upper section; L, in the lower section of the creck. y

Rhyacophila fuscula. L, occasional.

Mystrophora americana. L., frequent.
Hydropsychidae. U, occasional; L, frequent.
Philopotamus. L, abundant, in moss.

Stenophylax scabripennis. L, rare, in slower pools.

) Neophylax, cf. automnus. 1., occasional.
 Hesperophylax designatus. U, abundant; L, occasional.
Larvae, prepupae, pupae and imagos were taken

t v d ~y
on June 7. On September 7 young larvae were
common.

- Chironominae. U and L, frequent.

| ._\Gymulus, cf. parvus. U, rare.

Turbellaria  Physella. U, rare; L, occasional.
Planaria. L, occasional. - Three species of fish were found in B creek:

O schishi ~ Cottus cognatus. Rare. One specimen was‘taken 50
Lumbriculidae. U, rare. ) feet from the head of the creek.

Hirudinea ,-Eucah'a tnconstans. Rare in side pools of the lower

section.

i&I/Z‘Lrelmus Jontinalis. Fingerling speckled trout were
: abupdant in both the upper and lower gravel
sections, and fairly common in the slower inter-
mediate reaches. Adults were not seen in the
shallow exposed rapids, but were common in a
few deep sheltered pools.
sm'ail trout were obtained for study, and the
of then: stomachs is presented in table 2. In early
ngerlings were not yet large enough to utilize any

Glossiphonia complanata. U, occasional.

Nephelopsis obscura. U, rare.
Ephemeroptera

Leptophlebia. L, frequent.

Ephemerella spp. L, frequent.

Baetis spp. L, abundant.

Iron plewralis. U, frequent; L, occasional.
Plecoptera

Chloroperla. U, frequent.

Alloperla? L, occasional.

\ few
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part of the rich invertebrate fauna except the Chimmmid
larvae and pupae, and a few other small insects. By Augygt
1 their percentage consumption of midgcs.had bee'n reduceq
by one-half, and the gap was filled by mayflies, caddis, l)eetles.
and terrestrial insects. Three yearling trout taken at the
same time consumed a mixture of insects, chiefly cadqig

ream, rising from springs in a wooded valley and flowing
it into a swampy meadow. Its average width is three feet
| metre), and volume of flow 1.1 cubic feet (0.031 cubic
stre) per second in May. A water analysis, made at
0.00 a.m. on May 27, 1930, was as follows: temperature
C., pH less than 6.8, oxygen content 7.8 cc. per litre,

fessoitiias. .2 parts per million and 100 per cent. saturated, acid
TasLe 2. Food of speckled trout in B creek rbonate (HCOs) 12 p.p.m. expressed as CaCOS’ free carbon
—— 8 oxide 1.3 p.p.m. In summer, the volume decreases to
=i ot | B niéﬁfar;e i ;ubic fee{: (0.023 (?ubic Ione‘tres) per second, and the
setrion. | eton | Beoton | seiih rature rises to about 20° C. on hot days.
. - % e i ~ In the sandy beds \}rhich constitute most of the botto_m
Nitrgbt:r R il $ : o | S the stream, the z}lltr'lor was unable to c.letect any life
Average length in hinches ...... : 215_316 3 1.84 sl 5%9 ' " 8125353. a atever. The trout in these places must eat either terrestrial
X\a/gétégnvx;lhf:egtof. PR 15 Nemtosas anisms, or the insects which cling to logs, efc., in the
CBIE ML« e asr e o s 16 19 71 290 , or 1nsects washed down from a stony bottom.
Average number of Nematoda.. g u ¥ 4 - The fish observed in this stream were the speckled
R T | 5 — 1 5 , and, in the lower reaches, the creek chub (Semotilus
Aqgaﬁt?nf:f;;g;a: v i, 19 5 maculatus). None of the trout seen was over seven inches
Plﬁécoptera ________________ e 37 5 2 cm.) long, although longer specimens are said to have been
Trichoptera: Laprzg:‘ein.c'i' R 1 - 4 a5 s ’red :
Cases. ... ||} — = 5 g _mall cold creeks with sandy bottom are not as common
g?ﬁf@?ﬁfeéﬁfrfféiiﬂi‘éiii111 04 16 47 g .__thErn as in northern O'ntari'o, 1.)u't, when they occur,
Sirguliidae _______ = = 2 ; Y :}in to be equally deficient in hvm_g organis.ms. Evi-
Coleopter(e)lt. by SO, G — 8 & anrbor.la-te content of the water is not an important
Terrestrial Insecta™. ......... 7 }8 + 19 ﬂl]n etermining the gie..arth- of life. It Is interesting to
%gigi lsa‘é)rtfr%rﬁff%%%'f:::::::::: 100 90 82 81 at the same condition is prevalent in lakes. For
= e, Rawson (1930) has shown that in lake Simcoe sandy

: d S , i &
*Includes Polycentropidae, Hydropsychidae, Hesperophylax designatus, a8 ® are much less productive than those with stony,

imnephilidae. i ]
Othel;*lf;;::ludgc’ss Thysanura, Homoptera, Diptera, Col’eo}?tera.tent5 o figure io®
Note: In this and all subsequent tables of stomac C(c)ln o O-[ T e jtem n:
dicates what per cent. of the total volume of contents xls n}e;:hcan Lone—hzﬂf of one
question, a cross (+) shows that the item comprised Tf::
per cent. of the total, a dash (—) that it was entirely lacking.

Mubp-sorToM SPRING CREEKS

! Dogwood creek, a tributary of the Mad river in Grey

ntario, rises from springs, and for most of its
flows with gentle current through an evergreen
b VVh_en It emerges from the tall timber, its channel
“HNg with Myrica Gale, meanders through a swale o%

SANDY SPRING CREEKS

, o, near
Tally-Ho creck, flowing into Peninsula lat(f:t'—“’a o
Huntsville, Ontario, is typical of this class. Itisas .
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small willows (Salix sp.) and Cornus stolonifera until i+ me
. . % ets

the larger trout stream (figure 2). At this point its aver
width is about five feet (1.5 metres), and depth two feet (?)gg
metre). In early summer its volume of flow was 4.4 Cub:
. . 1C
feet (0.13 cubic metre) per second; in August this was
reduced to 2.0 cubic feet (0.057 cubic metre) Per . secong
which low level it maintained up to the end of the followi,
March. Scon after, the spring floods filled the channe g
; nnel and
submerged the surrounding land to a depth of two feet: the
flow on April 20 was 30 cubic feet (0.85 cubic metre) per
second. .
One effect of spring water on streams is to steady their
temperature; they remain cooler in summer and warmer in
winter than do rivers which lack its ameliorating influence,
The highest figure recorded in Dogwood creek was 16.0° C,,
at 4.00 p.m. on a hot afternoon in July; the lowest was 2.2° C..
at 10.15 a.m. on October 20. The oxygen content of the
water (taken during the day) hovered near 90 per cent. o
saturation throughout the year; the pH was between T
and 7.8, except at flood time, when it dropped to 7.3. I
water was normally rich in lime and carbonates. Complete
data on water conditions are presented in table 3.

The bottom of Dogwood creek was of rather firm mud
in the channel, and softer silt along the borders. About
of this remained bare throughout the year; the remainces
became grown up with Radicula Na.s!zzrﬁ-fum--ag-ua!zc _
Ranunculus circonatus?, and a species of Sparganiuim Wi
trailing submerged leaves. The first of these was M8
abundant and most characteristic; it preferred a Tat
slower current than the other two.

Collections of the invertebrate fauna were made thi® i
out the year, on a mud bottom only, at a depth of Oneled
(0.3 metre). Analysis of these dredgings has rcveﬂt,
very characteristic association, which is not only _Cn
different from that of stony or sandy crecks, but 31393
little specific resemblance to the mud banks of the adJ=
but warmer, Mad river.
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Oligochaeta
Tubificidae. Frequent.
Hirudinea
Glossiphonia complanata. Occasional.
Haemopis plumbeus. Rare.
Nephelopsis obscura. Rare.
Crustacea
Hyalella knickerbockerii. Abundant.
Ephemeroptera
Iexagenia. Rare.
Ephemerella temporalis. Rare.
Leptophlebia. Occasional.
Plecoptera
Leuctra. Rare.
Nemoura. Rare.
Trichoptera
Limnephilus. Rare.

Halesus guttifer. Rare.
Unknown Limnephilid. Occasional.
Diptera
Simulium. Rare.
Chironomidae (det. Johannsen)
Procladius (group adumbratus). Occasional.
Pentaneuria (Ablabesymia) (group flavifrons).
Occasional.
Cryptochironomus. Occasional.
Others. Occasional.
Culicoides. Occasional.
Chrysops. Rare.
Coleoptera
Hydroporus depressus.
Pelecypoda (det. Sterki)
Pisidium overt. Frequent.
Pisidium variabile. Occasional.
Pisidium cf. sargenti. Occasional.
Pisidium cf. milium. Occasional.
Gastropoda
Physella integra.
Valvata sp. cf. sincera.

Rare.

Frequent (det. Clench)
Abundant.
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The -ﬁsh found were: Salvelinus fontinalis, Cottus bairdii,
alia inconstans, and a small minnow. Only trout were
mmon. The specimens seen were chiefly fingerlings, which
rly in the year frequented the very shallow borders, often
ting on the bottom. A few yearlings and two-year-olds
captured, but they were not very common. In the fall
o stream is frequented by adult trout, journeying to the
ings above.

ironomid larvae—but its supply of medium-sized aquatic
ects (such as Baetis) is less generous. Hence in mid-
mmer, many of the fingerlings desert the creek for the
r below where mayfly nymphs, efc., are commoner.
ose which remain feed to a great extent at the surface of
water, taking a variety of terrestrial insects. Many of
common invertebrates of the stream, e.g., Oligochaetes,
ies, most caddis larvae, Pisidium, Physella, and Valvata,
unavailable to small trout, by reason cither of their large
‘or of their secretive habits.

HuMus-porTOoM SPRING CREEKS

hen a spring creek flows with a gentle current through
_C_luous forest, dead leaves accumulate on the bottom,
With other decaying vegetable materials, form a rich
__ humus. The invertebrate population of such creeks
Iten very great in numbers, though not especially varied.

b pical leaf beds, of Tipula abdowminalis, Nemoura,
U, Leptophlebia, and Gammarus, and on the more open
/ POttom of the large caddis Halesus guttifer, Sphaeriwm,
“Hlegaster, Boyeria, Gerridae, burrowing mayflies, and
Onsiderable variety of the lesser midges”.

Sahara” creek, one mile north of Oliphant beach,
= County, Ontario, is of this type. The country in which
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it rises consists of sand dunes mostly covered by a thi

growth of beech and sugar maple. When examine on -
12, 1930, its volume of flow was 1.5 cubic feet (0.042 CJ%I.}'
metre) per second, and temperature 11.3°C. at 9.10 El:r:lc

Its average width was four feet (1.2 metres), and depth ejghg

Physella were occasional, Limnephilus, a Hydrophilid beetle,
and a big T7pula rare. No fish were seen in the stream.

DRrRAINAGE CREEKS

Because of their high temperature and irregular water

TasLe 4. Food of fingerling trout in Dogwood creel x 1 7
g & reek pply, drainage creeks are not suitable for most fish, and

[ T

have not been studied.
- _ _ = S ' Sp.ow HARD-WATER TRoOUT STREAMS: THE MaD RIVER
Number of specimens examined............ | 10 3 i
Average length in inches. . . .. AL 6 iy & S = 114 2.99 , |
Variation in length. . ... ... bl SV 1.00-1.30 2.00-2.50 - Streams of this type appear to be rare in Ontario,
Average volume of contents in cubic mm.. . .. 4.8 35 . : * s
Bitrece wnbit of Nematode. . L 0 i cause in most regions of calcareous sedimentary rocks, the
I | and has been cleared of vegetation to such an extent that
Vegetable matter. . ... .. ... ............... — 3 x
sy ny large slow stream is hot enough to be classed among
gg%gsd S0 il ' 5 — he “‘warm rivers”’. The one example studied by the author
SOMEPEME & v R bbb EE i . #
I e R ke el | 12 1 —the Mad river—is a rather famous trout stream.
Hyalella knickerbockerii. .. ............. ... | 4 — \
Aquatic Insecta I. Physiography
Nymphs.of Plecantera. ..o . it iens - - | 5
Larvae of Trichoptera. .4 . v ervinsi . — J : sy wl = ' .
i - ARt 3 L - The Mad river is situated in Gray and Simcoe counties,
Iiarvae anci pupae otf g;!icidae._ ......... 11 E tario, in longitude 80° 15" W. and latitude 44° 20’ N. lts
arvae and pupae il B c ' *
e T;S}I,pingc S - e ‘{’g e I length from the source to its confluence with the Notta-
Adult Coleoptéra (Hydroporus). . .. .. ... s 31 ga river is about 40 miles (64 km.). Rising in an ever-
Thieaioial Thascta en swamp a mile north-east of Badjeros, it flows north
i{:m(?ptteéaé AL £ F et MY SR s é 1 east seven miles (11 km.) to Singhampton; turning
1do L7 RPN TR I et - e — 3 v 3 B 3
Digterg _____________________________ T 53 outh-east it runs for seven miles, and is joined by the Noisy
BRI, . i T T TY A3 2] f s eesa = 4 ver, an important tributary of nearly equal volume. The
TUERBMOPEGIR | o\ s d B P bl 5 i - 5 ombij d x i ! 1 1
N e e e AR 3 38 ombine streams cqntmue south and east, passing through
Total submersed food...................... | 97 62 ceémore, then turning northward to join the Nottawasaga
_-———'_'_-_._-..-—.

'Ver 20 miles (32 km.) from the point where the latter stream
Mpties into Georgian bay.

The section here studied is in the upper reaches of the
I, six miles (10 km.) from its source. It is one and one-
Y miles (2.4 km.) long, extending from a point on the
avel road a mile south and west of Singhampton, down to
"€ glen half a mile east of that town. At its lower end is a
dam, which has flooded the banks for some distance

inches (20 cm.). The bottom was of sand covered bY a
light layer of silt with many leaves, sticks, bits of park, @
and with logs frequently blocking the channel. TI*_:c au:s-
was found to include an abundance of Gammarus limnee aé
Pisidium idahoense (det. Sterki), and Limnephilid lar:nd.
(not Halesus guitifer, however). Chironomid larvae
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i on i ation for at least 75 ot

. The mill has been in opera ) 75 yearg

g‘iikeutcnt of the river and of the section studied ig illys.

trated in figures 1 and 2.

s hardwoods on most of the high ground
ash, white elm, cedar, or even
ons, as at the river’s edge.

, Mixed with
tamarack ip moister
Pine seems to have

been
Several small tributaries flow into the river along the m;;? srilriznfig]yfiéni]{sw stands of balsam and white
weverd . - o o ]

: bservation. The I : = y : .
course of the n?lle and 4 half unéifregda has been called §§sf The Mad river has suffered less ir(.)m deforestation of
of these, entering near the upp ' g » headwaters than have many Ontario streams.  Many
wood creek.

ed acres of land just south of the area
d by damp forests of cedar,
rack; the effect of this large are
er, lessen the spring floods, and give permanence to the
7 springs of the region. Certainly, however, enough of
d has been cleared to make the river's volume of flow

in the spring and lower in the summer than wag
rly the case.

under study are
1. Geology

alsam, spruce, and

The basic rock of this recion is the hard Lockport a of bush is to retain the
e be < 2

i oddi [ Middle Silurian age. It is almogg
ggﬁ;ﬂ:\ttilyaciifilggnlfyogtlacial drift, .consislting ]:f safndy dayi
It ‘(‘ s large stones, mostly of 111119, though ‘a (cw are g
;‘:rlrlt:o?sqré}rigin% brought fro.m afar dur{ngi ‘Flle 1;.QHL15?;1;T\1.(£ c’)l;};i ,
etige of the Niagara Cuesta is close to Sing 1{151111) —(.)_:l s
it the river must fall to reach thc' pla;n- .‘ e ;ﬂ 1 ;lt : steep:
about 600 feet (180 metres). In domg thlb\ 111. ia (1:1 tas e
narrow valley three miles (5 km.) long, ;ht.- i({) >01LVCI b
is at one point 300 feet (90 metres) below u,l vel o
table-land immediately above. Along the nort 1{5 o
g'(len the uppermost massive layers of_ d_ol(;mltﬁc {i‘zlucy, g
;ﬁendicular cliff 50 feet (15 metres) hxgh.. hr}“ sc-c‘tion e
river runs swiftly over a stony bott'(')ml, ;:1 I:ti“ ]{c i
tinguished as the “‘lower Mad river”, ar;{ ?he e
below. Above the mill dam, _\\'}}1cl} marks desc;ibed -
the fall, the current is slow; this is tf}e sgf:tlon
and is referred to simply as ‘* Mad river”.

3. Climate

.ghampton is situated in

the highlands of south-
Ontario, at an altitude

of about 1,500 feet (460
This has a rather important effect on the climate:
@lure. Not extreme, The maximum summer tem-
ure in 1930 was 86° F, (30° C.), while the nights were
¥6 cool. The earth freezes and is covered with snow
e time in December: it does not thaw until the latter part

o-h. Winter minimum temperatures would probably

0 —40°F. (—32° to —40°C.).

b Proximity to lake H
“€able tendency towar
Y In the winter g

uron may account for a very

d strong steady westerly winds,
nd early spring.

2. Surrounding Vegetation

€
; : ¢ veoetation along tHS
ik 5 Sy diSt“bUtlonl OnyCthtﬂft;‘:}st ‘L”Xtendsf‘f 4 ’,I‘he average precipitation in the Mad river
L O'n & nort;l_“eiuih and east is fairly Constant throughout the year, at about three
s Dl - e Tof t e'*;ssture and field cF OPBT: VCm.) per month. Itisleast in August and greatest
5l e US?dth(():l s?t(rmm is for the M= ber. In every month of 1930, considerably less
" se of g
However, the actual cours

et i 5 g E‘fl(l 15 .. e
art 1”((1 by tI €Ees. i\l.'ar It:\ SOUU}CI 1 (Upi)( ) A usl I
p l .

b qe d s - (v, y the § te 0 . nount Of XTIOiStlU(f f(.x]ly CUII li a i il a
I f C ex Inarkin‘: l S n d. lng AUET“S‘[ 81’1({ .-';('é t -\_Illb - i 1 Elh][: D, S ()Wi]l()
» - 5 aves [ -
& eaver meadow ; a waie O : : ur,
ld bI' aver pond The forest consists Of the (OI“I“ 'f_‘l pte er { =
(8] 3 . on a1 E 1

ugenia, a town 13 miles (21 km.) west of



32

ECOLOGICAL CLASSIFICATION OF ONTARIO STREAMS

Ontario, in inches *

TaBLE 5. Precipitation at Eugenia,
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Snowfall
Total**

Rainfall

Snowfall
Total #*

Average Rainfall
for 15 years
1930

equals 1 inch of rain.

##Ten inches of snow

#*These figures are {or the years 1916-30.
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hampton and at nearly the same elevation, has b
' een

lied through the courtes
) \% of Dr. J. P. FS :
the Canadian M eteorological Servige. e ey Glsey

4, Physical Features of the River

mtour and bottom. An id 3

; cal cross-section of

: B : : the N

er in the section under consideration would be as ?C ﬁl\Iad

It consists of a central channel (B) and on eachn _%ure
side a

Myrica oare /(]

NYMPHAEA ADVENA 4 ¢

=y
\ ¢ @ CHARA S

l AR,
r9 22

%

)

& FEET -8 —-

a

1

JL.McHugh (933

FiGure 3. Cross-section of Mad river

fla
i at ﬂ((izl. Ot’_l‘he goltto‘m of region A is of mud, and
- metres)muT— oving plants. Its depth is 0 to
e .f he' central region B has an average
i r feet, its bottom is of ‘‘marl gravel”
i mestone about one cm. in diameter; it ma
e growth of aquatic plants, but is ol't(;n barey

' mld StiCI\‘R 3 V ead and
KS are abundant Chleﬂy 1
. ) . - ' 1n thC bhallo Vv ared,

Lhis typic ecti i i
o }87[ 1L?’_}‘E(écitlon is fairly well represented at station 3
ocation of the various stations is shown

e 2. . " -
Wid)th \;’a:ila;tixons are of three sorts: first, an increase
4 n epth of the channel, chiefly at bends
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which form pools up to nine feet (2.7 metres) in depth,
at station 2; second, an increase in the extent of the shalloy
region, best represented by _the broad ﬂoodu‘d borders qf the
river near the mill dam; third, a c!ecreas-c in depth of the
channel and absence of mud flats, with which is correlated gq
increase in current speed and a bott()‘n} of Iargcr. stones—q o
an approach to the rapid water conditions seen in the lower
Mad river. Station 5 is of this type.

Rate and volume of flow. Table 6 shows the doltm'minations
made of current speed and volume at station 5. 'I:he
greatest volume was determined at the time of the spring
flood in 1931; in other years the volume of flow has risen
far above this figure. On the otl‘lc.r hand, the lower figures
are probably near the absolute minimum, on account of the
extreme dryness of the season. _btatxop 5 represents almf}st
the maximum current speed in this section -ol the river dunng
the time it was studied. The more typical sections, su€

as station 3, had speeds somewhat less than this figure,

€), y
averaging perhaps 0.2 feet (0.06 metre) per second in July

and August. . 48
The variations in volume of flow were accompanied by

corresponding variations in water-level of about tr\:(?arife;
In addition, the level of the low.er part of tpeﬂs.nce !
controlled by the stop logs of the ml.Il dam. Ifs in --tueshoal. :
felt up-stream past Christie's spring to th\e h’;?his o
distance of five-eighths of a mllc:' (one km.._/. R oot
was subject to daily variations in lev_(-'rl _("f. Eil'{j(\)v ¢ watkl
during the summer, due to the IIIEEI‘I‘IH.{R‘HE ‘-(:1 s bedit
through the mill. Hence all levels in this sec tT} o Vay 208
referred to a standard, which is taken as the leve

1930.

: the

. = vonﬂﬂ il

Water supply. Most of the water in 1.11_1‘:: ?f[itll to this 15
stream comes from the upper reaches, but adde | theti

. : i
the flow of the small spring feeders and of ,::l_)miéo along Wit
bed. Each of these has been marked on (1g1:;‘§0~, 0 will

: = : (9]¢ ) o
its estimated volume of flow on July 1¢

L,

TABLE 6. Physical and chemical characteristics of the Mad river at stations 8 and §
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36
seen that of a total flow of 26 cubic feet (0.74 cubic met
4 ‘ re) 2
per second at the mill, about 20 cubic feet per secon( com !
from the main stream, and six cubic feet per secon fmes g A
feeders. Springs are numerous throughout the region, b::; D ;g
not all are permanent. & S 2
¥ 5 8
II. Physical and Chemical Properties of the Water @ s
5
1. Temperature ?2 ki
4 &
A recording thermometer was mounted at station 2, with 35 ‘g
its bulb lying in the shade of a small log at a depth of four EZ : 3
feet (3.3 metres) on the edge of the channel zone. It was o S
in action almost continuously from June 13 to September 7. e B
Figure 4 is an example of one of the records. From these 4 gl B
graphs and the daily record of maximum and minimum air gz L')S
temperature, we may draw the following conclusions: &zg ;

a. The water reaches its maximum temperature be- :L 8
tween 4.30 and 6.00 p.m. It averaged 5.30 p.m. for the week :‘3;5 »
ending June 28, and 5.00 p.m. for the first week in September. % o
On cloudy days the maximum is reached one and a half 3§ i
hours earlier than on clear days. gz o E

The water drops to its minimum temperature between o+ 5
7.00 and 9.00 a.m., averaging 7.45 in June and 8.30 n dy E
September, on bright days. On dull days the temperaturé f:‘ oty
may continue to drop until noon or even until 3.00 p.m. 2z E

Although no definite figures are available, it is clear ég T 2
that these maxima and minima lag behind the corresponding z 3
air temperatures. In summer the minimum air temperaturé i 8
is reached about 5.30 a.m., and the maximum about 3.30 p-i- (;' E
Figure 5 illustrates this lag graphically. ég g

b. The factor most influential in warming the water é’é’ g
during the day is the direct radiation of the sun, rather thas g
the temperature of the surrounding air. This is illustrate £% L &
in figure 4; July 26 was the only dull day in the weelk, ing s 7

others had a sky nearly free of clouds. Even more strikl gg / ¥
- 8
e ¥

is figure 6A, in which maximum air and water temperat
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d together. On five different occasions the Water _ e
tted together. 3 Ak S ov
- plaO ture rose above that of the air, in one ('Zfb(j.,aﬁ fnylch a8 The w
ten%pt(r‘;:gé C ) This occurred only on clear days, whey the §ico
6°F. (3.3°C.
) iation was strong. ! ature of a: IS:
sun ST‘;‘d; q't!ft?on between minimum telnpell'dt»‘l{i _Df dl‘; 3&(1 a. Variation ip atmos
€ rele . . ss obvious, but it is Probable e aica
g yure 6B, is less obv g . creases with incre
pamoun o tﬁg?,r?s more active in regulating the lower e e
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th’at‘;;lg of 1.\I')ater temperature than the h’lgéh(_i. (->[Tt};:e {:Ei}ver
?\t’é‘gr tending to lower the water temperature c
ac

ater of a riyver would tend to be Saturated with
oxygen at all times, were it not for the following
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