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ABSTRACT

The water quality of the IT1lecillewaet. River, Beaver River,
Connaught Creek and Loop Creek in Glacier National Park .and the
Kicking Horse River in Yoho National Park was found to;be well within
the 1imits considered necessary for fish survival, uA_combined:stream
macroinvertebrate diversity of'2.18 was obtained'for]G]acier National
Park and 2.41 for Yoho National Park. These va]ues:ére higher than
those recorded in several other British Columbia stneams, The stand-
ing crop of periphytic algae compared favourably witﬁjthat recorded
in other British Columbia streams. SRR |

de areas requifing further study have been identified:
Connaught Creek in Glacier National Park and the Kicking Horse River,
near the townsite of Field in Yoho National Park. Appreciably higher
nutrient concentrations were obtained in Connaught Créek (under a
heavy forest canopy) downstream of a‘doméstié’ééwagéidiScharge'albng
with a comparably high algal standing crop. Reduction in dissolved
oxygen and ihcreases in turbidity, heavy metals, andgtota1 phosphate .
were observedvdownstream of Field and:may be associated?With a gravel.
operation. "
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SUMMARY AND CONCLUSIONS

The chemical and physical characteristics of watek:quality for
the I1lecillewaet River, Beaver River, Connaught Creek and
Loop Creek in Glacier National Park and the Kicking Horse River

in Yoho Nat1ona1 Park compare with values reported as necessary
for fish surv1va1

Two areas requ1r1nq further surveillance have been 1dent1f1ed
- Connaught_Creek in Glacier National Park
- Kickinq Horse River near Field, B.C., in ‘Yoho National
Park. '

Monthly ehemical and biological sampling over the period be-
tween ice break-up and winter freeze-over are»nece$sary to
determine the impact of the Rogers Pass sewage d1scharge and
the towns1te of Field sewage d1scharqe on the1r respect1ve
rece1v1ng streams.

Campsite septic-tank and absorption-field disbosa]'systems
adjacent to streams are not considered likely_to be a problem
if suitably 1ocated and properly maintained.

The direct d1scharqe of sept1c-tank effluent (ch]or1nated)
should be phased out as soon as -possible and rep]aced wi th
qround d1sposa1 systems so that the streams may be maintained
in as natural a state as possible.

Where disihfection is shown tb be hecessary‘and'chlorination
is used, dechlorination is recommended.
Macroinvertebrate populations and periphytic algal;Standing crop

compare favourably with that recorded for comparable British
Columbia streams. '



1 INTRODUCTION

AAwatef quality investigatibnsprograminVolving the
Environmental Protection Service and In]and‘WaterstDikectorate
(Water Quality Branch) of Environment Canada and Parks Cénada'is -
in the formation stage for some British Columbia NafidnaT Parks.

" The need for biological and chemita1~asse§smenfs of the
main streams in the British Columbia National Parks has resulted

due to the increased use of present park sewage treatment faci1ﬁties.

Baseline levels of water quality at various times of'the year are
needed. Mon1tor1ng stations are to be established on maJor streams
to determine the impact of discharges from present sewage waste

-disposal facilities and plan future waste disposal requirements.

The Environmental Protection Service conducted a
preliminary field survey in Glacier and Yoho Nationad Parks from
Oétober 1 to 5, 1974. This period was deemed su1tab1e to measure
any biological effects related to _sewage discharges of the
previous ‘summer “tourist season. _The scope of -the studyﬂjncluded
the measurement of the macroinvertebrate densities, periphytic -
algal standing crop, and chemical and physical characteristics of
the receiving streams.



2 DESCRIPTION OF THE STUDY AREA

2.1 Glacier National Park

Glacier National Park is located 28 miles (45 km) east
of Revelstoke and encompasses a 521 square mile area (1350 square
km) of the Selkirk Mountain Range and, to a lesser extent, the
Purcell Range of interior British Columbia. The park i$ character-
ized by steep-sided glacial va]]eys'and swift-flowing mouhtain'
streams. The geo]og1c characteristics of the park are rev1ewed by
Baird, 1971.

The extent of the study area in Glacier National Park
is shown in Figure 1 and included part of the ITlecillewaet River,
Beaver River, Connaught Creek and Loop Creek'systems.»'Aﬂdescriptidn-
of the sample locations and a listing of the park domestic-sewage
disposal faéi1i£ies=are given in Appendices I and II,.reSbectiVe1y,

2.2 Yoho Nat1ona1 Park

Yoho Nat1ona1 Park is Tocated 16 miles (25. 5 km) east of
Golden, Br1t1sh Co]umb1a and encompasses 500 square}m;]es_(1295
square km) of the Van Horne, Ottertail, Waputik, anngresident ranges
of the Rocky Mantains. It is also characterized by'stéEp sided
g]acia] va11eys and swift-flowing rivers. The geo]og1c character-
istics of the park are rev1ewed by Baird, 1962

The study area in Yoho National Park wasAtheikickinQ Horsé
River near Field, British Columbia (Figure 2). The Kicking Horse
River is a fast:flowing river and for an approximate 3 mile
(4.8 km) stretch of the river, extending approximately 1.5 miles
(2.4 km) eithef‘side of the townsite of Field, the riVer runs in
a braided pattern and because of scouring related to sediment _
movement, it can be considered an unstable environment. A descrip- -
tion of the sample locations and a 1isting of the park demest1c- '
sewage disposal fac111t1es are given in Appendices I and II, res-
pectively. o
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3 ' METHODS AND MATERIALS
3.1 Water Quality |

A1l water samples were collected with a 6- 11tre Van

 Dorn bott}e._vwater samples for dissolved oxygen’ were transferred'

to 300'mT‘BpQ’bott1es, preserved immediately with mahgaheée sulfate
and a]kali¥iodide?azide reagents and titrated with 0.025 N sodium
thiosulphate w1thin 24 hours. The samples for total organic carbon,
cyanide and.heaVy metal analysis were stored in 100 ml, 1 Titre
and 500 ml polyethylene sample bottles, respectively, and those
for phosphate analysis in 50 m1 glass sample bottles.  The total
organic carbon'samp1es were frozen over dry ice; the'heevy metal

~ samples were preserved with 1 ml HNO and the cyanide samples were

preserved with sodium hydroxide at a pH of 11. An untreated samp]e
for hardness, alka11n1ty, turbidity, conduct1v1ty, colour, re-
active silica and pH was stored in a 2.5 11tre po]yethylene bottle
and kept cool with wet ice. The samples for total d1sso]ved
phosphate were 1mmed1ate1y filtered through a d1st11]ed water-
washed 0.45u ce]]u1ose acetate membrane f11ter. A11 the samples
were returned within 72 hours to the Inland Waters Directorate,

_ Water Quality Laboratory, in North Vancouver for analysis utilizing

the methods outlined in the Inland Waters Directorate, Analytical
Methods Mahual,,1974. Temperature was recorded with a standard
centigrade thermometer.

3.2 Biological |
3.2.1  Macroinvertebrates. Three quantitative samp]es ‘of macro-

1nvertebrates were collected at each station using a (0 093m )
modified Hess,CJrcular sampler with a 351u cloth. The samp1es
were preserved'With:forma1dehyde to a 10% solution and'}eturned
to ‘the Envirpnmehté1 Protection Service Laboratory in. Ndpth
Vancouver for sort1ng, identification and enumeration. A Wild M5
Stereo M1croscope ‘was used for identification a]ong w1th the



following biological keys: Pennak, 1953; Ward and‘whipp1e 1959;_
and Usinger,-1968 The data obtained were analyzed stat1st1ca11y
on a Hewlett-Packard Model 9830A computor for. divers1ty (@) as
described by Wilhm and Dorris, 1968, and for evenness of distri-
bution (J) as described by Pielou, 1966. The formulas used in-
the calculations of these pollution indices are as follows:

T __.' ﬂ n
.d = - 1og2 o
i=1
— ' ﬂ m
J N 1o 9o N
loga

‘= total number of individuals per taxon
 total number of individuals per sample
= total number of taxa . '

= fota] number of species samp]ed

O »n 3 3
n

In addition, the data was grouped w1th respect to sensi-
t1v1ty to po11ut1on in accordance with Cairns and D1ckson, 1971.

- 3.2.2 er19hxton. At each station,six per1phytonssamp1es

were collected with a "Toothbrush Sampler" with a 5;3ech2 surface

area (Stockner and Armstrong, 1971). The six sampTes-were combined,
thoroughly mixed and the resulting composite sample was split .in

‘ha]f One- ha]f was preserved with Luqu solution ahd returned to

the Env1ronmenta1 Protection Service Laboratery, North Vancouver,

for enumerat1on ‘and identification with the a1d of a W11d M40

inverted microscope and the following biological’ keys Prescott,

1970, and Patrick and Reimer, 1966. The remaining ha]f was filtered
through a 0.45u cellulose nitrate membrane filter, treated with MgCO3;
then frozen over dry ice and returned to Laboratory Serv1ces, Pacific
Region (Environmental Protection and Fisheries Serv1ce) in West Van-
couver for ch]orophyHa and pheopigment analysis by the methods outlined
in the Fisheries Service - Environmental Protection: Serv1ce Laboratory



= "~ Manual, 1974.

3.2.3 Fish. An unsuccessful attempt was made to catch fishlfor
pesticide analysis at Station 5.




4 " RESULTS AND DISCUSSION

4.1 Water Quality
4.1.1 Glacier National Park. Alkalinity; total ihorganic carbon

(TIC) .and water hardness are all parameters associated with jdenti-
fying water type, buffering capacity and productivity;; Based on the
U.S. Geological Survey classification of water hardness (CaCO3
equivalent), the :I1lecillewaet River, Loop Creek and Connaught
Creek would be considered soft water (0-69 mg/%) while the Beaver River
would be termed moderately soft water (61-120 mg/2)" (Table 1). The

" streams tested.reflect an overall Tow buffering Capaéity and
productivity{. McKee and Wolfe, 1963, report that it istgeneralTy
recognized that'the best waters for the support ofidiYkaified
aquatic 1ifelére'those having a total alkalinity of 100 - 120 mg/2
or more and that the hardness of water of good qua11ty shou]d not
exceed 270 mg/l (CaCO3 equ1va1ent) '

TABLE 1 'CHEMICAL AND PHYSICAL MEASUREMENTS OF WATER QUAtITY - OCTOEEéﬁ 1974

Specific Total -

Sample © . urb,  Conductance  gic  Ajailinity.  Hardness

Site T JTU's umhos/cm mg/% mg/L mg/% pH
Glacier National Park ‘ )
1 (I11ecillewaet River) 1.4 50.6 4.4 _15 2 . 23.0 7.1
2 (Loop Creek) = . 2.0 78.1 6.9 28.0 8.9 7.2
3 (Illecillewaet River) 1.2 3.8 2.2 86 143 6.9
4 (Connaught Creek) , 1.0 49.2 4.0 4.7 22.6 6.9
5 (Beaver River) - . 3.5 121.0 n.7 49.9 61.7 7.5
6 (Beaver River) . 4.4 130.0 13.0 = 55.4 - - 67.5 7.3
7 (Beaver River) 4.3 151.0 13.4 58.1 - 77.8 7.5
Yoho National Park . o :
8 (Kicking Horse River) 7.6 169.0 15.6 ‘ 68.8 81.5 7.9

-9 {Kicking Horse River) 26.0 174.0 18.0 72.2 - 93.7 . 7.9




- The specific conductance ranged between 3. 8 - 151
umhos-cm 1 with the higher values’ being found 1n the’ Beaver River
(Table 1)., These values indicate an overall low.1on content for
the streams tested. McKee and Wolfe, 1963, report that the specific
conductance of streams supporting a good mixed fish fauna lay, in
general, between 150 - 500 umhos/cm” ]. Turb1d1ty va]ues were all
below 5.0 JUT s and are indicative of clean water (Table 1)

Base metals are important parameters when 1dent1fy1ng

‘water‘qua11ty W1th1n the streams tested the heavy meta] con-

centrations all fell within acceptab]e standards for good water

quality as rev1ewed by McKee and Wolfe, 1963, and Water Quality

Criteria, 1972 (Tab]e 2)

TABLE 2 E Tofm.EXTRNﬂABLE+mAyYamTAL<mursur- OCTOBER, 1974 (ppm)

Sample Site v Cu . Fe . Pb Zn o d
Glacier Natmna] Park L :
1 (IHecﬂ]ewaet River)  0.001  0.045 0.003 0001 1 <0.001
2 (Loop Creek) - 0.000  0.019  0.001  0.001  <0.001
3 (I1lecillewaet River)  0.001  0.009 <0.001 - FVO.-'OO_T; ~+ <0.001
4 (Connaught. Creek) 0.001 0.090 - . 0.001 . 0.002 ~ <0.001
§ (Beaver River) 0.002 0.150 '0.003  0.002:  <0.001
6 (Beaver River) 0.001 = ' 0.270 ' 0.002 0.002" . <0.001
7 (Beaver River) - 0.001  0.250  0:001 - 0.003 . <0.001
- Yoho National Park o D
© 8 (Kicking Horse River)  0.001 0.160 ° 0.002  0.003  <0.001

9 (Kicking Horse River) . 0.004°  0.380 ~ - 0.007  0.020  <0.001

Only iron showed any apprec1ab]e d1fference between
rivers with the h1gher values be1ng found in the Beaver R1ver.h
The spec1es,and,so]ub111ty of metals in water is strong]y
governed by'tne’hydrogrenfion,concentration (PH) in the water;
at a high bemany metals form hydroxides or basic carbonates that
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are relatively insoluble and tend to precipitate out (Water
Quality Criteria, 1972). The sensitivity of’fish to toxic metals
increases in soft waters (McKee and Wolfe, 1963).

v Theremere no appreciable disso]ved-oxygeh,=pefceht=
saturation differences between any of the control and downstream
of treatment facility stations (Table 3). Percent- Saturation
values ranged between 98.6 (11.3 mg/% DO) and 101.4 (11.6 mg/z :
DO) percent. Temperature values ranged between 1.5 - 4. 0%
(Table 3). Dissolved oxygen, temperature and pH all fa]] well
within the 11m1ts,cons1dered necessary for fish survival.

TABLE 3 DISSOLVED OXYGEN AND TEMPERATURE - OCTOBER, 1974 -

e Temperature  Pp3S0le L ntage.
Sample Site - (°c) mg/ % Saturation
Glacier National Park ' .

1 {I11lecillewaet River) 2.0 11.6 - 100.4
2 (Loop Creek) 2.0 S I 100.0
3 (I1lecillewaet River) 1.5 11.6 99.4
4 (Connaught Creek) 2.0 n.3 " 98.7
5 (Beaver River) 2.5 1.6 - 101.4
6 (Beaver River) 4.0 11.2 98.8
7 (Beaver River) 4.0 , 1.3 99.7
Yoho National Park S
8 (Kicking Horse River) 2.5 - . 108.0
9 (Kicking Horse River) 2.0 - . 8.5

McKee and Wolfe, 1963, report that to maintain a varied
fish fauna in good condition the dissolved oxygen shou]d'remain
>5.0 mg/% and that for trout in soft water the 1oweﬁh1imit is set
~at 6.0 mg/%. Gaufin, 1973, recommends that to maintain.a well-
rounded, diversified population of cold water aquatic ihSects,
maximum temperatures minimum dissolved-oxygen 1evels and the pH
range shou]d not exceed the requirements of cold water f1shes He
also states that while some aquatic 1nsects can to]erate d1sso]ved
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oxygen levels as low as 1.6 mg/& for short periods, conoentrations

.of 6.0 mg/2 are required for long-term surv1va1 In addition,

temperatures dur1ng the winter months must be ma1nta1ned ‘at -normal .
seasonal levels to prevent premature emergence and dur1ng the summer
months temperatures above 65°F (18 C) are cons1dered maximum for
maintaining many species of stoneflies, mayf11es, and cadd1sf11es

Sewage effluent contains nitrate- n1trogen (NO N), ammonia
(NH -N), and phosphate (P04) all of which are recogn1zed as 1mportant‘
nutrlents for algal growth and are identified with the eutroph1cat1on
of freshwater bodies. N1trogen in the form of NO3 1s comp]ete]y free
to move through the soil unless 1ntercepted by plants, wh11e NH3 -N

~may be adsorbed for a short period in soils through 1on exchange

phenomena however, it is inevitably nitrified to NO3 -N and becomes
highly mobile (01dham, 1975). N1trogen in the soil’ can be removed

“through p]ant ‘uptake, soil storage, denitrificdtion, vo]at1zat1on

and leachlng to ground water or surface water.

Phosphorous in sewage effluent is pr1mar11y 1n the form
of dissolved ortho-phosphate which is the ‘form that can be absorbed

directly by a]ga]_ce]]s Phosphorous is readily adsorbed to

surface partit]es of soil (provided it is not prev1ously saturated)
and is not genera]]y made available again by bwolog1ca1 means, thus
the 11ke11hood of ground -water contamination with phosphorous is
not as great as with n1trﬂgen ' B

' Nutr1ent levels detected within thé»Streams:tested are

. shown in Table 4" Station 4, downstream of the Rogers Pass Park

facitities' sewage discharge into ‘Connaught Creek, had -the h1gnest

f concentrat1ons of NO,- -N, NH 5~ -N, TP04, and d1sso]ved TP04 (0. 138

mg/%, 0.051 mg/&, 0.038 mg/%, and 0.026 mg/%, respect1ve1y)
D1sso1ved phosphate'and NH3 -N are an order_of_magn1tude higher
than other streams sampled in this survey. Although a sample was .
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not collected upstream of the sewage source, it seems."1ikely that
the high nutrieht Tevels recorded are a result of the park facil-
ities' discharge. ' '

TABLE 4 BIONUTRIENT CONTENT - OCTOBER, 1974 (Mg/%)

\ 0,
Sample Site T0C NO3-N NH3—N TPO4 0153' SQ;- 5102'

Glacier National Park S
1 (I1lecillewaet -River) . <1.0 0.091 <0.004 0.007 0.004 - 7.6 2.3

2 (Loop Creek) - <1.0 0.1 0.005- 0.024 - - 99 1.9
_ 3 (Illecillewaet River)  <1.0  0.054 0.004 0.007 =- . 6.0 1.9

4 (Connaught Creek) <1.0  0.138  0.051 0.0 0.026 6.7 2.7
5 (Beaver River) 1.4 0.091  0.007 0.008 0.00711.6 3.0

6 (Beaver River) 1.0 0.086 0.009 0.012 0.008 12.2 3.2

7 (Beaver River) - 1.6 0.083  0.008 . 0.012 0.006 19.5 3.3

Yoho National Park - . o .

8 (Kicking Horse River) - 1.7  0.080  0.005 0.010 0.006- 20.0 2.1

9 {Kicking Horse River) 1.4 0.075 0.006 0.052 .0.018 ..20.0 2.0

A majd?lconcern in the use of ground-dispoSailsystéms
(septic-tank and absorption-field) is the potential.for gfoundwater
contamination wifh nutrients. A detailed study of thé ground-
d1sposa1 systems in Glacier National Park with regard to ground-
water and stream contamination was beyond the 'scope of th1s survey -
but if proper]y 1nsta11ed and maintained, these systems shou]d
prove satisfactory. '

Su]phate concentratlons are reported in Tab]e 4 McKee
“and WOlfe, 1963, report that in the United States, of r1vers
supporting good game fish, 50% had SO concentrations <32 mg/z
and that experiments indicate water conta1n1ng <0.5 mg/z su1fate
will not support. algal growth. ‘

Total organic carbon (TOC) measurements affora a quick
‘and simple method of monitoring organic po]]ut1on levels: and prov1de
insight regard1ng the accumulation of non- b10degradab1e or



. TPO, and f11tered TPO,
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refractory Organic,materials.' Values of <1.0 mg/% were re-
ported for the Illecillewaet River, Loop Creek, andfConnaught
Creek while the Beaver River had slightly higher vaIues[ﬁanging
between 1.0 - 1.6 mg/2 TOC (Table 4). Maier and -McConnell, 1974,
report that river waters have a marked seasonal variation in
organic carbon concentrations with the highest concentrat*ons

‘usually. corresponding to periods of low stream-f]ow and h1gh

photosynthetic product1v1ty, both in the water and on- land Lowest

* carbon concentrations are observed in spring and seem to coincide

with periods of high flow.

4.1.2 Yoho National Park. The Kicking Horse River can be
classified as moderately soft water (61 -'120.mg/2,‘CaCO3'equiva1ent).
Generally, the chemical parameters tested were higher downstream

of the townsite:bf Field than upstream (Tables 1.- 4)‘bnt still
within the Timits of good water quality discussed- earlier. These
higher levels may reflect the addition of suspended. sed1ment to

the water ‘at a gravel operat1on on the river bank oppos1te the

towns1te of Field. C
The‘disso1ved-oxygen'content'of the water'drepﬁéd"fnom

12.0 mg/2 (100% saturation) at Station 8 to 8.8 mg/ % (88% satunation)

at Station 9. The reason for this reduct1on in d1sso]ved oxygen ’

has yet to be ascertained. '

_ There_were no,appreciab]e differences between.the_control
and downstream station for NO,-N, NH3—N; TOC, or 504ff,;whi1e
4 4 increased from 0.010mg/% to 0.052 mg/% and
from 0.006 mg/% to 0.018 mg/%, respect1ve1y The s1gn1f1cance of
this TPO4 increase in relation to the gravel operat1ons and domestic-

waste d1scharge at Field requ1res further study.
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4.2 Biological
4.2.1 Macroinvertebrates. The sensitivity of freshwater macro-

invertebrates to stress (pollution) and their use as indicators to -
reflect environmental conditions and community stchtufé are well
documented: . Géufin, 1973; Cairns and Dickson,'1971;vE§1bff and
Brakel, 1973; Wilhm and Dorris, 1968; and Pielou, 1966; Certain -
taxonomic groups have been’categorized'as'to]érant,'fa¢u1tative, and
intolerant (sensitive) to various types of poT]ution*(Céirns and
 Dickson, 1971).  Resh and Unzicker, 1975, and‘Gaufiﬁ, 1973, discuss
the Variabiiity'in tolerance to various parameters}éthfhe spécies
level. ' '

For the purpose of -this report, the macro%pyé?tebrates
have been identified to the taxonomic level of fémi]y (Table 5),
categorized in indicator groups (Figure 3) and the commUnity
“structure determined using diversity d and evenness,ofiébundance
J (Table 6). Wilhm, 1970, described d as varying betWéén 3-4
in clean waterfStreams and is usually less than 1 ih;@o]]@ted
streams. The value of J ranges between 0 - 1 with‘fhé'higher
value representing a more desirable distribution. Hyghes, 1975,
has shown H'varies With the type of sampler used and’Eéloff and
Brakel, 1973, indicated some sensitivity is sacrificed when
diversity indices are based only on higher taxa. However
sufficient sensitivity is retained even at the family level to
demonstrate the impact of waste-water discharges. .

4.2.1.1 Glacier National Park. Within the four streams sampled
in Glacier National Park (Stations 1 to 7) airanged"betWeen 1.85
to 2.73 (Tab]é-G)'with a combined sfream average of 2.18. Even-
ness (J) ranged between 0.56 - 0.82. The low value of 1,85 was
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g TABLE 5  MACROINVERTEBRATE DATA FOR YOHO AND GLACIER NATIONAL
. . © PARKS = OCTOBER, 1974 ‘ EE

~Number of IndividuaTs;per‘StatiOn*'.- _

T2 3 4 5 6 7. 8 -9 . .
[----------Glacier Park----------][:Yoho Park-]
*SENSITIVE' ' : R .

‘Identificafion I
(family) :

Plecoptera o o , ' L
Nemowrdidae o 6 38 10 30 8 12 T 35
Chlornoperlidae - = - 8 51 3% 41 51 10
Perlodidae - - 29 - - - - -

B
1

‘Ephemeroptera

Heptageniidae - 22 104 103 168 47 46 1
Baetidae - 6 4 11 23 17 7. 2

R SR V- R
—

2 ' Trichoptera ; o . e
s - Psychomyiidae -~ - - _ 15 - ] R )

% Hydropsychidae = - - - 1 - 1 - = -
% - Rhyacophilidae 5 . .- 26 4 2 -1 -3 -
| Coleoptera e C
; Staphylynidae .- - - - - - - T - -

'FACULTATIVE'

| S Diptera.

§ © Sdmulidae - - - 1 - - - = -
- : Nematocera o - - 2 1 - - < = -
! Culicidae - 15 - 1 - - - - - .-
g Tendipedidae - = 4 3 19 7 2 2. 4 4
| Dolichopodidae - 1 - 7 T - - = - -
1 Hetelidae . - 1 1T - - - - - 1
- Psychodidae -1 3 - - - - - 2
; Rhaglonidae - 1 - 5 3 2 - T 2. 2
. Unconginmed - -2 - - - -~ - -

% | Arachnida S
o Hydracarina - - -1 - - =TT

' TOLERANT'

| o - Hirudinea - , , L
’ GLossiphoniidae 2 - 1 2 - - - - -

Oligochaeta . 3 - - - - - 1 -

* Total of 3 Circu1arrsamp1es



- ‘16-

obtained frdm”Loop Creek at Station 2 upstream of the;Loop Creek”
campﬁite septic tank discharge. Values of d = 2.14 and J = 0.56
were obtained from Connaught Creek at Station 4, downstream of a sewage -
distharge A macroinvertebrate sample was not co]lected above
the Connaught Creek discharge s1te for compar1son

TABLE 6 DIVERSITY INDICES FOR MACROINVERTEBRATES YOHO AND GLACIER
NATIONAL PARKS OCTOBER, 1974

. Sample Station
12z 3 4

D 5 6 7. 8 9
Parameter T O Glacier Park-----ec-ccoceana- -][-Yoho Park-]
‘Total Individuals -~ 65 188 242 292 N9 121 18 41 54
Total Taxa - 10 8 .14 14 7 8 7. .10 9
Diversity (d) =~ 2.73 1.85 2.58 2.14 2.01 1.89 2.10 2.93 1.90

Evenness (J) - . .82 .61 .68 .5 .72 .63 .74 - .88 .60 -

A value of 2.18 according to Wilhm and Dorris, 1968, .
would ihdicate.én area of moderate pollution. As the streams tested
are of good Watér quality, the values of d are likéIy sdppressed”
due to the high taxonomic level used. The variation in d may reflect
natural commun1ty structure differences resu1t1ng from bottom sub-
strate cond1t1ons, sampling methods, or the autumn season at wh1ch
time most insects have emerged and not pollution sources It
can be seen from Figure 3 that the poIIut1on sens1t1ve “inverte--
brates are well. represented with only 11m1ted representat1on of the
facultative and tolerant groups. '

4.2.1.2 Yoho National Park. A cons1derab1e reduct1on 1n diversity

occurred between the control and stat1on downstream of - the town-
site of Field (2.93 to 1.90, respectively) (Table 6). The de-
crease may possibly be accounted for by the difference in bottom
substrate. Statipn 8 had a typica]'bou]dér-to—éandgriver'bottdm,
compared to a bedrock and irregular sized Iimestbnezslabs sub-
strate at Station 9. The value of J also decreased from 0.88 to
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0.60 for Stations 8 to 9 and indicates a disproportionate
distribution at Station 9 which may reflect the substrate
dissimilarity. Hynes, 1970, states that in general the more
complex the substratum the more diverse is the invertebrate fauna.
Current speed is a156 a factor of major importancefin running
water and it controls the ocCurrence'and abundahce.of species and
hence the whole structure of the animal community."From Figure 3
it can be seen that the relative proportions of sehsitiVe to
tolerant macroinvertebrates are not appreciably diffefént thus
the d1fference in diversity has not likely resulted. from any
domestic waste discharge at Field. Further samp11ng w111 be
necessary to confirm this. For comparison purposes, Hallam, 1975,
and Derksen (unpublished data) using identical samp}ingamethods
found control station (d, J) values of 1.99, O. 51,.and 1.45, 0.38,
respect1ve1y, for two British Columbia streams. The former stream
was a remote,vclean, mountain stream, while the latter stream can
be consideredieutrophic. '

4.2.2 Périphxton. Algae are arranged on sfemsfaﬁdfcther fixed
objects in a definite way in relation to the current and because ,
of this detailed local distribution quantitative sahpiing becomes
difficult (Hynes; 1970). Usually d1atoms dominate the list of
species, and in stony streams and rivers they are a]so the most
abundant forms '

4.2.2.1 Glacier National Park. Algal identifications are shown

in Table 7 and for the streams tested, diatoms were'thejdominant
group. Samples from Stations T, 3, 6 and 7 were tdo‘si}ty for
quantification,_thus an absence or presence of genera are given.
For Stations 2, 4 and 5 the number of cells per cmz'are_given;

‘The dominant genera were found to be Achnanthes spp., Navicula
spp., Fragilaria spp., and Hannaea arcus. The absence of
Chlorophyceae can be attributed to the autumn season by which

time these species have died down.
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TABLE 7~ PERIPHYTON TDENTIFICATION - OCTOBER 1974

Number of Cells berfcmz per Statioh*

: 1 2 3 4 5 6 7 8 9
Identification ~  [---eeee-n- Glacier Park -------- ,-—][ -Yoho Park-]
Bacillariophyceae [ .

- Achnanthes spp. + 030 4+ 2152 2299 + ¥ .+ %
Navicuta spp. + 840 + 1177 1470 + 4+ - 4
Fragilandia spp. + 181 + 908 1018 + . +° + 4
Gomphonema pp. + 180 - 706 264 4+ 4+ T+ .+
Tabellaria spp.. + 9 + 202 302 - - o+ +

 Hannaeaarcus + 1200 + 370 792 +  +. 4. +:
Cyclotella spp. - 2077+ 138 151 - -+ 4
Cymbella spp. . + 90 + 101 188 + o+ -+ ¢+
Diatoma spp. - 120 - 34 - - - - +
Nitzschia spp. + - - - - - - 2.
Synedra spp.. + 30 - - - . - 3 +
Rhodicosphendia spp. - 30 - - - - - -
Amphora spp, - - - - -+ - + o+

. Epdithemia spp. - - - - 38 - - - -
Diploneis spp. . + - - - -t ¥ - -
Gindle view ¢.§. . - 240 - 202 490 - .- - -
Bartramiaceae (moss) - - + - . -
Catosconium n - - - - +

Catoscopium nighitium c.f.

Chlorophy112

values are shown in Tab]e‘8'and'the values
“ranged between 0.65 ug/Ch]a/cmz at Station 1 to 3.04 hg/Ch]a/cin2
at Station 3. Station 4 on Connaught Creek which wés‘the only
~location under a heavy forest canopy-had a eomparaﬁly"high |

ch]orophy]]avvalue of 2.97 ug/Ch]a/cm2~and may reflect a nutrient
enrichment s1tuat1on as light might be expected to be a- 11m1t1ng

factor to a]gal growth at th1s stat1on. B

TABLE 8 CHLOROPHYLL® AND PHEOPIGMENTS - OCTOBER, 1974

-Sample Station

SR 2 3 4 5 6 7 8 9
Parameter o [ Glacier Park---=------ f--f----][ ~Yoho Park-]
Chlorophyl1® 0.65 0.57 3.04 2.97 1.94 2.57 0.8 0.81 7.78
Pheopigment . - 0.07 0.95

0.59 - - 1.4 - 0.24
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Stockner and Shortreed, 1975, utiTizing artificial
substrates in two Vancouver Island, B.C., streams found .a- maximum
value of 0.95 ug/Ch]a/cm2 in October for Carnationbcfeek and a
maximum value of:1.38 ug/Ch]a/cm2 in Juiy for Ritherdon Creek.
The forest canopy over Carnation,Cfeek ranged between heavy to
moderate Whi1e,Ritherdon Creek is clearcut-logged. Both streams
are considered phosphate poor and oligotrophic. D1atoms were
the dominant ‘algal group in both creeks. Stockner and Shortreed
1975, further state that during high flow situations (>200 cfs)
stream bed movement will scour gravel and small rocks,”éffec—
tively femoving or burying most attached algae. Derksen (un-
-published data) found control stat1on ch]orophy]] values as
“high as 1.13 to 5 01 ug/Ch]a/cm occurring between Auqust and
October in three North Vancouver, British Columbia, streams. “The
tch]orophy]] values obtained in this survey -compare - favorab]y
with-those-of other streams in British Columbia. A mean stream
ch10rophy11 value calculated from monthly record1nq over- a
summer's growth are required to fully eva]uate the streams
samp]ed

4.2.2.2 Yoho'Nationa] Park. The per1phyt1c algae of the K1ck1ng _
Horse R1ver are s1m11ar to that observed in G]ac1er Nat1ona1 Park.
Ch]orophyl] values ranged from 0.81 ug/Ch]a/cm at Stat1on 8 to
7.78'ug/Ch1a/cm2 at Station 9. The higher value atYStat1on,9 is
attributed to an abundant growth of the moss Catoscopium nigritum
cf. on the bottom substrate. Additional sampling is required to
fully eva]uate:the algal community of the Kicking Horse River.
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'DOMESTIC SEWAGE DISPOSAL FACILITIES

Park

Type of Dispdsa17’

Yoho

Park Facility
Loop Creek Campsite Glacier Chlor1nated sept1c tank eff]uent
: C ' discharged to Loop Creek
ITlecillewaet River - Glacier Ch]or1nated sept1c tank eff]uent._{
Campsite ' ' - discharged to I]]ec111ewaet
‘River. v
Park Faci]itﬁes Glacier S1ng1e ce]] 1agoon serv1c1nq :
: ~ staff housing,.offices, North:
- lander Hotel .and. Service Stat1on:
and d1scharqed to Connaught
Creek
East Gateway COmb1éx Glacier Sept1c tank fo]]owed by a Iagoon,
Mountain Creek'Campsite Glacier Sept1c tanks plus absorpt1on
, : : f1e1ds ' : ,
Cathedral Mountain" Yoho Septic tanks. plus absorpt1on ]'ff
- Chalets ‘ fields or rock pit with overf]owt
to K1ck1ng Horse R1ver ' .
. . %
Townsite of Field Yoho Sept1c tank (13,200 gallons)
with average 29,400 Igpd dis-
charge to K1ck1ng Horse R1ver
Kicking Horse Campsite ~ Yoho Sept1c tank p]us absorpt1on -
S ’ field. ;o
CPR Operations*.' Sept1c tanks connected to 0il.

separator tank with a recorded
discharge of 12,000 Igpd.

* ' ' : T
Information from Strong, Lamb and Nelson, 1975..



