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SUMMARY

Since 1972 Rkio Algom minas nas been exploring coal deposits in the Cabin
Creek Region of the Flathead River Valley in Southeast British Columbia.
Cabin Creek is located approximately 16 kilometers from the B.C. - Alberta
border and 10 kilometers north of the International Boundary. Because of

the potential for adverse transboundary effects from such a development, the
Water Quality Branch, Inland Waters Directorate, and the Environmental Pro-
tection Service of the Pacific and Yukon Region undertook on behalf of the
Canadian Government, a joint water quality study in the Flathead River Basin
in Canada.

1)

The nutrients, major ions, suspended sediment and organic levels in the

~water of the Flathead River are indicative of an oligotrophic or ultra-

oligotrophic system. Metal levels found in the water and biota are
indicative of a non-toxic aquatic environment. The alkalinity levels
and pH in the Flathead River System appear to be similar to those in the
ETk River above the Fording-Sparwood-Fernie area where the effect of
coal mine effluents on receiving waters are minimal. The measurements
taken do not represent those of an undeveloped watershed since logging,
exploration of coal, and the construction of roads ware in progress dur-
ing the study period.

Per{phytic biomass in this Rocky Mountain River is representative of
oligotrophic and even ultra-oligotrophic systems. Diatoms, represented
by 86 species, were the main constituents of the flora, Hannaca arcus
the dominant diatom is common in many other mountainous, cool water,
systems. Other periphytic dominants include the chrysophyte Hydrurus
foetidus and the Blue-green Nostoe verrucosum both of which are adapted
to Tive in cool, low nutrient, flowing waters.

The sparsity of planktonic algae, probably derived from sloughed-off
periphytic algae, has been documented. Planktonic cell numbers were low
and 97 percent of the free floating species were usually found in the
periphytic assemblages in the river.
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3) Benthic macroinvertebrates collected in the Flathead River Basin during
four sampling periods were mainly of the class Insecta. The macroinverte-
brate density varied from 200 individuals to 7500 individuals per square
meter. Each site sample contained between 24 and 26 major taxa. The macro-
invertebrate fauna were dominated by large numbers of poliution sensitive
macroinvertebrate species which characterize healthy pristine water condi-
tions.




RESUME SUR L'ETUDE DE LA QUALITE DE L'EAU DU BASSIN DE LA RIVIERE FLATHEAD

Depuis 1972, la firme minidre Rio Algom extrait des gisements de charbon dans
la région de Cabin Creek dans la vallée de la riviere Flathead au sud-est de
la Colombie-britannique. Cabin Creek est situé a environ 16 kilomdtres de la
Timite entre la C.B. et 1'Alberta et a4 10 kilomdtres au nord de la frontidre
internationale. Par suite de la possibilité de conséquences frontalieres
adverses provenant d'un tel développement, la Direction de la qualité des
eaux, Direction générale des eaux intérieures, et le Service de la protection
de 1'environnement de la Région du Pacifique et du Yukon ont entrepris, au

nom du Gouvernement canadien, une étude conjointe sur la qualité de 1'eau dans
le bassin de Ta riviére Flathead au Canada.

1} Les substances nutritives, les ions majeurs, les sédiments en'suspension
et les niveaux des substances organiques des eaux de la riviére Flathead
indiquent 1'existence d'un systeme oligotrophique ou ultra-oligotrophique.
Les niveaux de minerai trouvés dans 1'eau et dans la biota dénotent un
environnement aquatique non-toxique. Les niveaux d'alkalinité et de pH
dans le systéme de la rividre Flathead semblent 8tre semblables 3 ceux
de la riviere Elk, au-dessus de la région Fording-Sparwood-Fernie, ol
1'effet des effluents de la mine de charbon sur les eaux réceptrices
sont minimes. Les mesures-prises ne représentent pas celles d'un bassin
hydrographique non déve]oppé, puisque le déboisement, 1‘'exploration du
charbon et la construction de routes &taient en cours lors de la période
d*'étude.

2) La biomasse périphytique de Ta riviere Rocky Mountain posséde les carac-
téristiques des systémes oligotrophiques et méme ultra-oligotrophiques.
Les diatomées, qui comprennent 86 espéces, constituaient la majeure partie
de 1la flore. On y retrouve Hamnaea arcus, la diatomée la plus répandue
dans plusieurs autres systémes montagneux ou d'eau douce. D'autres peri-
phytiques assez répandus comprennent le chrysophyte hydrurus festidus et
le Nostoe verrucosum bleu-vert, tous deux adaptés a la vie en eau vive,
frafche et faible en substances nutritives.



3)

La distribution éparse des algues pianctoniques, celles~-ci provenant
possiblement de débris d'algues periphytiques, a &té documentée. Le

_nombre de cellules planctoniques était peu élevé et 97 pourcent des

: 4 . .
especes libres ont été retrouvées ordinairement dans les assemblages
. . aooa N
p€r1phyt1ques de la riviere.

Les macro-invertébrés benthiques ramassés dans le bassin de la riviere
Flathead durant quatre périodes d'échanti]]onnage faisaient partie prin-
cipalement de la catégorie Insecta. La densite des macro-invertébrés
variait entre 200 et 7500 individus par métre carré. Chaque échantillon
contenait entre 24 et 26 groupes majeurs. La faune macro-invertébrée
tait dominde par un grand nombre d'especes de macro-invertébrés sensibles
a la pollution, ce qui caracterise des conditions d'eau saine primitive.
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INTROBUCT ION

Coal exploration in the Cabin Creek region of the Flathead River, Southeast
B.C., has been underway since 1972. Cabin Creek is a tributary of Howell
Creek which enters the Canadian reach of the Flathead River some 10 kilometers
north of the International Boundary (see Figure 1). In view of the potential
adverse transboundary effects from a coal development on Cabin Creek, the
Water Quality Branch, Inland Waters Directorate, and the Environmental Protec-
tion Service were asked to examine the water quality of the Canadian portion
of the Flathead River Basin.

In November 1974, the Water Quality Branch reviewed water quality information
which was available for the Flathead River. A preliminary study of the
Flathead Basin in Canada was initiated in July 1975. Colour, false colour, and
infrared aerial photographs which covered approximately 65 kilometers of

flight Tine were taken at an altitude of 1220 meters. The photographs were
used in planning a sampling network for the basin. A ground survey was con-
ducted in August 1975 to asseés these pre-selected sampling sites and to pro-
vide background data for planning a more detailed study. The proposed study
was reviewed with interested provincial and federal agencies and with the con-
sultant to the company interested in developing the coal properties.

The Water Quality Branch prepared a proposal which defined the objectives and
scope of a Flathead River study. The primary objective of the Flathead River
study was to determine the existing transboundary movement of nutrients,
pollutants, and other materials as well as the present character and sensitiv-
ity of the aquatic environment. In meeting this objective this report docu-
ments the density and diversity of existing aquatic communities and the exist-
ing Tevels of selected chemical parameters in water, sediment and biota so .
that possible future changes in water quality associated with coal development
can be determined.
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I1

STATION SELECTION AND DESCRIPTION (Ref. Fig. T)

Flathead River, 1.5 kilometers east of Marl Lake
Station 1 {NAQUADAT No. OOBCOSNP0002)

This water quality station is Tocated 50 meters upstream of the main bridge
which crosses the Flathead River in Canada. This site is just upstream of the
proposed coal development and was selected in order to document the density
and the diversity of the existing aquatic communities and the existing levels
of selected chemical paramefers in water, sediment, and biota (Table 1).

Howell Creek, 750 meters upstream of the Flathead River-Howell

Creek confluence Station 2 (NAQUADAT No. OOBCOSNP0008)

This site which is located downstream of the bridge that crosses Howell Creek
is 750 meters upstream of the Flathead River-Howell Creek confluence and down-
stream of the Howell-Creek - Cabin Creek confluence. This site is just down-
stream of the north and south coal hills which are proposed for development.
(Table 1).

Flathead River at the International Boundary Station 3
(NAQUADAT No. ODBCOSNP0003)

This station is located 100 meters upstream of the International Boundary and
was selected to document the aquatic ecology and the levels of chemical para-
meters immediately upstream of the International Boundary (Table 1). A Water
Survey of Canada gauging station is located at the International Boundary.

Sage Creek, 1.0 kilometers north of Proctor Lake
Station 4 (NAQUADAT No. QOBCOSNPO0O6)

This site is located at the bridge which crosses Sage Creek, approximately 1.0
kilometer south of Proctor Lake. The site was selected to take into account
geological differences in the eastern section of the Flathead River Basin.
Sage Creek drains an area immediately adjacent to the Flathead River in Canada
and enters the Flathead on the U.S. side (Table 1).



Flathead River above Pollock Creek Road Bridge
Station 5 (NAQUADAT No. ODBCOSNPQ0O])

This site is Tocated in the headwaters of the Flathead River upstream from
Pollock Creek bridge. The site was selected to document the density and diver-
sity of the existing aquatic community and the levels of selected chemical
parameters in the water and the biota. (Table 1).

Cabin Creek, 4.5 kilometers above the confluence with
Howell Creek Station 6 (NAQUADAT No. OOBCOSNPOOO9)

The Cabin Creek site is Tocated upstream from the north and south hill coal
deposits. The site was selected in order to determine the chemical concentra-
tion levels and the condition of the aquatic community before the water
traverses the proposed development area (Table 1).

Because this station was not easily accessible under certain weather conditians
the exact sampling location varied over a stretch of approximately 2 kilometers.

Howell Creek, 250 meters above the confluence of
Cabin Creek and Howell Creek Station 7 (NAQUADAT
No. OOBCOSNP0004)

This site is located just downstream from the bridge which led to the explora-
tion campsite. The site was selected in order to determine the inputs coming
from the Howell Creek watershed. The watershed includes the north side of the
north hill coal deposit. (Table T).

Cabin Creek, 9.0 kilometers above confluence with Howel]
Creek Station 8 (NAQUADAT Mo. OOBCOSNP0O10)

This station is located upstream of the main logged area in the Cabin Creek
watershed. This site was sampled only once because it was not easily access-
ible (Table 1), and station 6 served to be representative of the headwater
quality conditions on Cabin Creek.




Couldrey Creek above confluence with Burham Creek
Station 9 {NAQUADAT No. OOBCOSNP00O7)

The water quality sampling site on Couldrey Creek is located approximately 1.5
kilometers upstream of the confluence with the Flathead River. The Couldrey
Creek watershed includes the south hill coal deposit. A Water Survey of Canada
gauging station is Tocated approximately one kilometer upstream of this Water
Quality site (Table 1).

Latest Development

Water Survey of Canada installed gauging stations in 1977 at the Howell Creek
water quality station 2 and on Cabin Creek upstream of the confluence with
Howell Creek.
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TABLE 2

STREAM PARAMETER TERMS

GRADIENT - SUBSTRATE BANK AND HILLSIDE STABILITY

Gradient in % slope Upland soil type and depth,
texture

Substrate STumping banks and hillsides
Slope (%) of hillsides; Banks

Bedrock Terracing

Boulder 30 cm. Erosion

l.arge Rubble 15-30 cm. Windfall

Small Rubble 7-15 cm.
Large Gravel 2-7 cm.
Small Gravel .5-2 cm.
Sand

Silt

Mud

Clay

FLOW PATTERN

uniform (no turbulence)
uniform (rapids and boils)
pool riffle sequence
tumbling flow

cascading flow

BANK MATERIAL" UPLAND SOILS

{est. % of each) Giacial till
ColTuvium

Bedrock Outwash

Boulder Alluvium

Glacial till Marine

Sand Gravel Lacustrine

Si1t sand Organic

Clay silt

Organic TEXTURE OF SOIL

Fine, Medium, Coarse

Reference Caw (1976).
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III SAMPLING SCHEDULE

The chemical sampling schedule was designed to measure the levels for the
parameters during pre-freshet, freshet, and post freshet periods (see Fig.

2). The biological sampling program was also scheduled to correspond with
the different parts of the hydrologic cycle.
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. STUDY OBJECTIVES

The primary intent of the Flathead River Study was to document existing Tevels
of chemical parameters in sediment, water and biota and to provide a qualitative
and quantitative analyses of the existing algal and invertebrate communities on
the Canadian portion of the Flathead River. Specific objectives of the study
were to:

a) Determine the existing transboundary movement of nutrients, pollutants
and other materials;

b) Determine the concentrations of several metals, nutrients, organics,
and other chemical parameters in the Flathead River Basin and attempt
to identify important parameters by comparing results with Canadian
drinking water standards;

¢) Quantify the existing content of metals in algal, macroinvertebrate,
and fish tissue;

d) Attempt to determine the limiting nutrients for algal growth by examin-
ing N:P ratios and measuring phosphorus reserves in algae;

-e) Establish the species composition, species diversity, and abundance of

algae and benthic macroinvertebrates in the Flathead River Basin north
of the U.S. border;

f) Identify and determine the sensitivity of the aquatic biota in the
boundary reach to changes in water quality by reviewing both Canadian
data and data available for the U.S. portion of the Flathead River Basin.
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v CHEMICAL METHODS

Chemical methods and analytical procedures for both the field and laboratory
chemistry program are presented in Tables (3 - 10).



uotriduosqe

‘WNLUB|3S PUB JLUISJR JO

$34Np320Jd buldues <uor3day0d pLat4

S31dWYS ¥ILVYM NI SIVLIW AAYIH-SQOHLIW

€ 378yl

1 20€HE Jlwole ssajswelj pIjewony SLsAleue J04 udYR] BU3M SB| dwes-qns :pappe =1
OJ9M SIALIPAUDSSAD ON *$9[330Q BUB[AY1d
uoLjduaosqge -ALod 483L| Z ul s3Il uOLIe1S BY] 2B MO[Y
1 #0EEE JLwole ssa|aue|) pajewciny Ulew ayz uL pa33d[[0D 243M Sa|dues a[buig sy
sy 40w |
YIL# paAUdsaud aJam sa|duwes ay| *s3]330q
uorzduaosqe UOLJ9] (W Q0L UL 91LS u0LILS Syl 18 MOLJ
d LOE08 OLWwoje ss3I[auwe[} pajeWOlny utew ayj uL palda| (0> aJuam sajdwes 3| buLS BH
uoL3oea3xa
d S0£0E JUBALOS - uoLjduosqe JLWOY uz
uolL3oeu3xa
d 20€82 jusAjos - uoljduosge oLwoly IN
d ¥0€s¢ 319241p - uoljduosqe OLwoly uy
uoL32ed]1xa
d 20€28 JusAlos - uoLiduosqe oLwoly qd
< uoL3orRUIXD *soLuebuo 3pqniosul
~ d G0£92 JUBAL0S -~ uol13duosqe dLWOLY YILM paulquod Jo sa|orgdaed Luooediad ulL
d $0£92 3034Lp - uoljduosqe JLwoly YILM SL YdLym |ejaw ssea|as A||exausb jou a4
S80p 34npadoud SLY] -jueldeJdIXd 3yl 4O
: uoL3oed1xa uoLloe ayj Aq paALosSSLp SL YILym sajoLjJed
d S0£62 IUBAJ0S - uoljduosqe drwoly papuadsns yiim paeLIOSSe S{eLsajew ny
40 uolldod Feyl pue UOLIDRJY PIA[OSSLP
uoL3oed]1Xd BY3} SdJdnsesw pasn poyisw a[qeldedixs ayj
d 20E/2 JuSAL0S - uoL3dJosqe DLuwoly "UZ pue LN ‘Ul ‘qd ‘af ‘ny ‘o) 0l
‘P) ‘eg :s|ejaw Buimo|[ol mcm 404 pazfieue
uoLl1oeaIxa 9Jam s3|dues-qng  -ua3L| Jad “ONH LW Z YILM
d 20§81 1UsAl0S - uorrduosqe oLwoly PaAUSSaJd auam sajdwes -sa|330q Bul[dues P2
UOL433 J93L|-1 Ul 33LS uOL}eS By e Mopy
d 20€95 339JLP - UOLSSLWA JLWOLY ULew syz uL pajos([0d ausm sajdwes abulg eg
(LYQVNDYN “ON POy3Iay) :
eleq A3tiend 319 S9ALIRAUASBUd S (3109 bul |dwes
JA9]BM |euoLleN $9J4NpPadoUd [ROLIA|RUY Ja33uwedey



15

TuoLjetidse  1984Lp - uoljddosqe olwole Aq pess usyy
“sJnoy [eJ2A3S J03 3leld joy uo 3s3BLp .mcz:
lWw S pue [3H LW S ppe 3,09 ("3 A4p} wh 0 ol

‘SLL92 BY3 40O IPLSINO BYJ UG SIURULUEIUCD JA0WRA 0] JIIBM
“I1°Q WL SBWLY |BJBASS paysem oM sebie a3yl -s9eugd
~J3AUL DUR JUSULPIS wou} polRJedds auam deble sishpeue
LBOLWAYI 03 Jorad 3SNp  ~UIRRILSPUN BUIM U7 pue q4 “ag

Ny JAg) sisA[eue [L3un cmmogm aJam sa|dues sy| -sbeg
aus|Ayiafod paysem SQNH UL pade[d pue sajealsgns

*{e101 - vefije up speray leanieu wody puey Aq pajoa||odr IJeM so|dwes Ieby sefily
05008 L2303 - Juamppss uL By
*AouBLoLsye uoLlsebip ayz
JULWARLBP 03 puP $3dwes IDUIUILDA $B JIT 0] DPISN IJoM
S9ALI| DJBYILO S YONS S|BLJIJeW IDUIUDIDL pdepuRLS
“sa|dues yilm Buole pIzZA[PUR J43M SPARPUEIS puR SYuR|Y
"uotjesldse 3034Lp - J3jewouzzads oLwole ue Buirsn pead
Usyl “3se|y JLJIBWN|0A B UL SLW 005 03 LN pue, [007)
Tanoy | 40} 20e[d 10y U0 1®3Y WhLpaw e 1eay .¢o_uz
S|W 7 ppe u3yl .mzon pPa113M SL QUBWLPSS [[B 3u4ns
YW “[IJH SLW g pue “ONH S1W G PPE JUBWLPSS PBLJIP 40
swb g+ 0y sJ9edg XoJdAd bulzZi[L3n UoLlsablp uadp
‘9A3LS AZLS ysauw
072 e ybnouyy passed pey 3eyy 1USWLPIS PaLJP UD LN
Pue 03 *p3J ‘uz ‘uy *q4 ‘a4 *n) Joy paya|dwod sem
sisAleue 3yl *(gL6L ‘lenuel SPOYIaW [eILIL|eUy) B
saxa|dwod oLuebA0 pue $3|eS I{qN[OSUL 10 WJ0]
Y] UL |eldW pue $3[IL3J4ed JUBWLPIS BY} UG pIQJOS TUBALJA 3YY JO
-ge |R1W XLJIRW X304 BYI UL |[BIBW IPN[JUL IS uocLlJod 3[QEIPEM B UL WOPUBJA IE USRET SJ45M S3|dueg
TLB3SW JO SWUO4 | 1@ 9SE3|SJ4 03 JA9pJU0 UL 3jdwes jo 'sbeq pazi{1ud)s a|qnop yed-(J4Llym aua[Ayialiod uy
ucL31onJIsap 332 dued $34Lhbaa sisdeue ejaw |e10] pace|d pu2 puey AqQ padoods auam sa|dues qualLpas pag JUSWLPIS pey
(9461 “ury)
pue ueLwaby) LN pue ‘0] *pP) ‘U7 ‘UW *dq ‘@4 ‘n) ) *pazAeue Sem Au0leJa0gER|
404 SUQLIDedy BZLS 3DAYY U0 pagajdwod sem sisk|eue 8yl uy [3ae4b ead ayy wouy parededss sem yoiym Juaw
3yl “(B/6l °Lenuey sSpoyisl [EOLIA|BUY) S11ES -Lpas 8yl -swll Jo porusad paIels & JOJ 4IALL BYY ul
lqnosul JO W0y Y3 ulL pue “usiiew sruebug uo 148| 948mM suel 3[oLd YL "J33EM JBALJ AYT JO N0
paqJosqge |e3dW S3PN[JUL SLY] ‘PIALUDP SL JU3WLPIS P9133195 PRY YOLUM JUBWLpas paddedy sael ayoLd ayj
Y YILUM WO} %I04 BY3 4O XLdjeW IFeIL{LS 3yl *P3Iq JSALL YR UL uJd3ed wopurd e pawMoy saef apyoLd
40 laed jou SE 3RY] [BIOW AYF JO UOLIORLY B 9y3 j0 jusuwade|d syl -psag JIALlJ 3Y: oguL Bnp pue
SE PAULLIP SL JUIWLPIS B Ul |BIBL | BNPLSSJ-UON [3AR4b 2ad yiim paLpLs a4em sJael aydLd sus|Ayzalfiod JusWwLpIs PR123I9S
{ 1¥avnbyn "2313 “S$BAL]BAUBSAUG 533308 HBul|dues

"ON poyzay) eieg
£3Lenh) 493eM |euOLEN

$34NpPad0Ld [BOLIA[euYy

$s2unp3d0ad Butdwes ‘uor3da||0) piaLd

IVITY ONY SINIWIAIS

NI STVI3W AAYV3IH - SOOHLIW

¥ 374ve




*ahodea

PLOD Adndusw se umouy St pasn anbruysal ayy
*(Juerdnpaa e se N_ucm %07 BuLzL|L3n 4o03Luow
AinoJsw) eLoelleyd © UG pead e $3[dues

%9 - 3PLUOLY) untLpos
[ 0T
%9 - 23BJ[NS 3uLWe|AX0UpAH
%5 -50%% 1w g
29 - Yown Lw gt
(1:2) Sonn-TosPH w1

ppe
(*Im 38m) wh p°5 03

16

Le303 - surdinos Awi{s ut By

‘uoilledldse 3084Lp - J2]3WOU30adS SLwole Bulsn
Pead usyl tw 0§ 03 dn ayew pue AuesSadauU SiL
48313 “100) “sdnoy § Apajewixoudde 204 aieid
~30y ® U0 3saBLp pue sselb_yorem yILM U2A0D
TR LWz pue “ONH |w OT “0%H "I°Q |w OT ppe
(1M 39mM) wh 0°g o] -sojduesqns ayy uo auop
SeM U7 pue qd a4 ‘n) 4oy sisA|eue ayj

"{e303 - surd|[nag AwL|S uL Sjezay

*91sed 9yl

Wouy uaxel s3|dwesqns uo SUOp Sem S[eISU

404 stsA[euy °33sed e ojur dn punoub

3J4aM ¢ 40 G A[(ensn suld|nog AwL (S I[oym
StSAlelie 0] JOLJAd “USYRIJSPUN SBM S[PaW

404 S1SA[eU® [L3Un usZOJ) 3JaM  suLd[nog
AWwL|S 8yl -ysij ay3 adsnided og pasn

SBM JQD0US0JUIIB[d Uy “youedg S4L[PLLM pue
ystd4 ayi jJo 8d13jo |euoLbaua yoougueag ayz
WwoJy [duuosdsad Aq jybnes susm suLdinog Auwi (s

sutd | nas Awt s

24Npadodd |eoLlf]euy

019 S9ALIRAUSSDUd °Sa[31o0g Bul [dureg
saunpadodq 6ul|dues uoL3o9{0) platLy

SNIATRIS AWITS NI STVI3W AAV3IH - SAOHLIW

§ 378vi



20640

"1-b b g si

JLWIL] UOL3I933P BYLl “UOQURD
3je|nal3Jed 40j pagLJdsap
eyl 03 @J2Ljuspl poyisy
*SUOL}deAS DZLS IAJYL

uo pajonpuod sem uabouliu
9je[noLjuaed a0l sLSAeuy

20690

17

.H'm B g

SL 3Lwl| uolloalsp ayl
‘d9zAeue NH) §8L-dH e bBulrsn
auw>_pu:n=wu Lewaays Aq
paJnsesaw sem ¢p) BuLy|nsad
YL, 39046 38 pajLubL
pue “Quy bButuiejuos jeoq
uoLysnquod e ojul paybiam
pue patJp suam sa[dues
*SuoLoedy SZLS 9JIYL

U0 pa1oNpuUo0d SBM UOQURD
aje|notjded Joj SLSAeuy

05041

(6461 °Lenuey

Poylal [edL3ALeuy ‘youeug
A1L1en) 4a3eM) suoLjdedy
9ZLS 994U U0 PaIINpUOD

sem (poyiaw-ueLjLubL) sn
-Joydsoyd [e303 404 SLSA|RUY

*pazAieue sem AJoledoqe]

3ya uL |aAedb ead Syz wody pajesedas sem ydLym
JuswLpas 3yl “awil JO poldad pajeis e J0y
ABALA 3YJ UL 343 @uaM sdel apyoLd ayl -u81eM
J3ALJ Y3 JO N0 Pa[719S PeRY YILUM JUBWLPIS
padded: sJel ai3otd 3yl 'pag Js3ALJ Y Ul
u4agjed uwopued e psuwuoy sJael ayoLd ayy 4o jual
-a2etd 8yl °paq J8ALJ By} ojuL Bnp pue |aAe4b
ead yim paf L4 au4dm sdel aotd ausAygef1od

judwLpas pag

{LyaynbyN “ON poy3an)
eyeq A3L[end
J4978BM [RUOLIEN

$9ANPY30IJ
LeoL3h euy

*219 “SAALIRAUADSAUd €SO]1309
BuL|duwes ¢sauanpadodd But|dwes
‘uoL3d8[ 103 pLaL4

INIWIQ3S NI SINITHLON - SQOHLIW

9 31gvl

aleaqsqns




(Fon + %ON)- "Hn - NaL = Nog
anjea pajeinope)
(NO@) uabouiLlN oLuebuap parjossiq

14940

-1 bt Gz

SL JLWL] uoL3d9rap ayl .LmN>Hm=mom=m ue uo
Wwu QGG 3® peas SL yoLym Ap oze ue wW.oy 03
9pLJIO[Y204PAY LD BuLletpaua]Ay1a(Ayjdeu-|-N
‘aplue]Lweyd(ns Jo SuolL3IN|OS YILM 12034

03 sbullij P3 40 uwniod e ybnoayi passed pue
V103 WNLpOSLp YILm paxiw uayl sl uoLin[os
3yl culebe pajerpeadr pue aui[ey|e Ipew

pue “An Aq |L0D zidenb e uL pajeLpeddl ‘pals
-LpLoe sL ajdwes ay3 jo jonbrie pajuedap y
NQL - uabouazLN paAfossig |e3of

18

OLLL0

‘7=1 6™ 2 SL 3twr| uor3oe3ap
ayy .mea_w:mOM:n ue uo wu_0QGG 1° pead st
yoLym aAp oze ue wJos 03 woamz pue apL4o|yd
-04pAyLp dutwelrpauaiAyia|fyjdeu -|-N ‘apLue
~Ltweydns o SUOLIN[OS YILM 32834 pue *p)
- Ny jo :Ewaoo e ybnouayy ssed *(g-g - Hd)
4833Nq HOHN ~ L[J"HN Y3Lm Xxiw 01 pamo[|e

St mmpgmmm mcw 40 jonbije pajuedap y

ON + ZON - 33RJILN + 9FLJILN

L8520

‘d2zf|euvolne ue uo WU Qpg e

pesJ ulyl sL aduequosqe ay] apLssnud
=043 LU WNLpOS pue aj3LJ4oiydodAy suriey|e
‘Lousyd auiley[e yjim pateadl si a|dures
SYL°g-1 Bz st 3wy {0132933p Y1

LN - eluouy

‘PoJ493[ L} Jou sem a|duwes

3yl -9ldwes ayy jo uorjJod pajueasp

B U0 pajonpuod st uaboudlLu parjossip
[®103 404 sLsKjeue ay] -Au0jesoqe]
A3rLend J93eM ayz payoead Apyz [Laun
801 U}LM po]00d 3uam NQL pue ZON + SON
.wzz 404 pazA|eue aJdsm yorym sa|dwes
LLY ""(9/61 “yoeqa|u3 pue ssnbg) youeug
A3Lpend J4aleM ay3 Aq pado|arap J43|dues
3jedtidad e Bulsn 311s yoea je uayey
2J9M saldwes x1S -3a|310q aud[Ayle
-A1od [W O0§2 B W04} UHP] JSFEM UD
P33onpuQd sem_(NgL) u2boujLu paA|oOSSLp
Le303 “ZON + moz .+:z 40} sisfleue 3y

437 M

(LYa¥NOWN "ON POY1aj)
ejeq A3Lpen
A938M |euotieN

S34npadodd |edaL3feuy

*239 “S®ALIRALSSSUd “S©[330q Bul[dues
“S24npadodd buldures praty

Y31vM NI SINITHLION -
£ 318yl

SQOHL3NW




90rsL

*snaoydsoyd [e303 BuLWJ333p
03 pasn 1eyz se auwes aanpadouad edL3f{euy
d ssLg - snaoydsoyd paAriossig

"UOL3I3[ 0D 433 je
SINULW QF ULYILM S L4 aJodL||tu

wi Gp*o Yybnoayy pausipl} d4am sajdues
‘a9 | dwes 3zeoLdas dy3z Buisn paglLl
d43M $3330q sse|b [941A0S (W Q0L @94yl

19

90¥SL

*SU0L3 042U wu 94 UBLH :95Ud94493UI

6 7z SL uoL31o939p jo jLul] 3yl
*suoLy
-n[os uoL “gd psepuels padedaud L||edLjuspl
30 3s0Uy3 YiiM pauedwod pue ‘uwu 088 3®

A {edlLujauwojoydoursads paansesw sL Jno0d
Buryansaa ayJ ‘pLoe umeo se ucm 33043483
fAuowijue wnissejod 0 oz HN .eom H Bul
-uLeluod uollnjos jusbesd e YjLm paxiu uayl
sL a|dwes syj .ump:mumv sl atdwes pajeadsy
af3 ‘pLquny 41 FNH le sajnuLw og
paAe|203ne uayl st :wpcm m_aE mmmmou pappe
D4OM UOLIN[OS YOSH pue “0“$M°9|dwes

e 0] ‘3jedjsey [AuowLjue wnissejod

pue ‘pioe 5LqJ0dse ‘@jepgAjouw WnLuouwe

UM J9zA eueo3lne ue uo A43aWLLNO[0T)

*suoLy

~-JB4j punoq AjeoLuebio sj3esaqL] 02 uolLl
-epLXx0 3jei|hsdad JoO asnh 2yl pajedodudodul
suoL3edLjLpow 9say] '(9961) ‘7P 22 sa|ey
pue (G96l) uLMa0) pue {3zZusy Aq suoil
~eaLLpou yitM (2961) ALty pue Aydany

Aq padoiarap aJnpadsoud Buronpodd 4nojod

3yl pazL[l3n poyldw sndoydsoyd Ler03 3yl
dl - snuaoydsoyd [e30L

‘a9 dwes d3eolidad ayjz BuLsn parda|[0d
aJ4am sa|dues XLS *s3[230q sselb

|S4LAOS W 0§ ul pa329||0d safdwes uo
suop sem ajeydsoyd [e303 JO sitsAjpeue 3yl

J487eM

1yaynbyN *ON POYIan)
eyeq A3Lten)
4318M [RUOLIEN

$S24NPad0U{ |[edL3L | euy

*019 “SDALIRAJDSAUY ©SO[330q But |dues
sadnpadodd Bul|dwes plaL4

431¥M NI SINITHINN

(uorienurjuod) £ 319Vl

SAOHL3IW




EOLLL
eoLst

*q0Z "ON Abojopoyjal

f497BM UL WNLSSBl04 pu®e WNLpos
*Abo|opoyzsu

II J49zZAjeuy 03Ny uodLuydal
*S[IAD|

9y} adnseaw 03 pash sem poy3law
dL43suwojoyd auef) pajewolne uy
wnipog

wniLsselod

loLet

*uoLjernsjed

AQ paALJIBD SeM u3]eM

ut wnisaubew jo qunowe ayj
wntsaubey

LoLoe

407 BILPUL

II J3A[€) ‘YL Yy3Lm
pajediLl aJam sajdwes ay)
wnLo|es

20

tS(0lL
loLot

"pLO® pJepuels yitm
pajedlll aJ4am sa|dues ayj
ut L ey3ydouayd

[e102

AjLut ety

£0901

*J03BILpUL ue SP

%oe|g SWOAYd0LJ] BuLsn “yiq3
YiLlM pajedlLy aJsm sa|dureg
SSaupJaey

L#020

'Pa1onpuod suam
(n3Ls ul) sjuaweunsesw paL4
A3LAL30npUO)

*sisfeue 404 udyel

948M sjonbl|e pue uajem yILm pajiLy
SeM 913309 aua[Ayaf[od uajLl 2 Bup

437BM

( LyavnbyN
"ON POYlay) ejeq
A1Lienh 433eM |euoLiey

$94Npadcdd |eoL3f[euy

*039 ‘SBAL}RAJISAUY ‘S|330qQ Bul|dwes

‘saJnpadouy “bBui|dwes piat4

d43LYM NI SNOI dOCYW 40 NOILJI3L3Q - SAOHLIW

8 3Jnavl




*(vZ61) snouazeM pue uremgoy Ag pado[aasp
aJ4npadsoud an|q [owAyj|Ayaw ay3 03 suoLl
~BOLJLPOW YILM €(2/61) M L/-8LL "ON poyzaw {eid3y
-snpuL €Jo03edLpul aniq |owAy3|Ayjew Aq ajeyd|ns
pajewoiny *ABoopoyiaw I JzA[euy o3ny uod

90€£91 -LUyd3] jJ0 3sn soyew Aaojedoqe| A3Lpenb 4d3em By

"96 00-9LL "ON pLojLuew yiLm /6l ~“AON M L/-8l1L

POYI8K |RLJAISNPUI UODLUYDId] 3y} J0 suoLrjeidepe

pue suoljedal|e 40 3[NS3J dY3 SL pasn poyiaw ayj

91eydng

_ "(€46L) M 2/-98L ‘ON POY3BW [RLAISNPUL Ud1eM ©IS
o~ pue Jajem ulL s33edL[LS “ABojopoyjaw 1] J49zK|euy
01Ny uodLuUyd3| “*S[W 0§ 40 PeasSul 3u0Lade

oLl 40 S|W GZ sasn youedq A3L[enb Ja3eM BYy| QLS

wdd 0°0zZ - z°0 St e31{1S 40) abued uolL3d313p 3L

BOLLLS

G060 *Pasn SeMm 3poU3dD[S UoL d1jLdads y
apLaon|4

"(¥L61) ‘M 0L-66

9021 "ON SPOYyIaW |PLJSNPUL “JIIBM 3]SBM pUR JIEM UL

3pLuoyy - ABofopoyisw JI 49zAleUy OINY UOILUYID]
2pLAOLYD

*SLSA[eue J0J udye]
3J3M Sjonblie pue Js3eM UILM paL|Ls
Sem 3|330q sus(Aylafiod 493l 2 2uQ

Jaqey

VaynOyN *ON POY1au)
eleQ A3L[end
Jd7eM [eucLyeN

S3J4NpadoUg [eoL3A|euy

213 “SOALIRAUSSIUd sB[330q Bul[dues
€$3.4npadouyd “bur|dweg poL4

d31¥M NI SNOI HOCYW 40 NOILJ313Q - SOQOHLIW

(uoljenuiauo)l) 8 3J14vl




"usbouajlu paajossLp 4oy pazk|eue

SeM 23BU31LJ 9yl pur SaYsLp Luajzad ul
3d% 84aM SUDY[L} SYL *SJINOY JnOF ueyl

10620 usbou3 tu a3e|ndig.eg ss9| sAem|e sem BulJd3[L) pue uoL329| |02
uasmlaq be| swiy syl *u493LL} J2qLy sselb
10690 uoqued aze{noLgaed uewrem e ybnouyy pousz|L) auam sapdures
8
LSS0t 9lqedal L} XLd
LOSOL 2lqeJa} | Lj-uou paxtd ‘
1S¥0t 9| qeaal[L4 5 45 "sjonbi e
uLjuedap 01 Joidd Luojedoqe] ayl ul
LO¥0L olqeJal|L4-uoN uayeys sJam s3a|dwes syl ~3|330q I [AY33
anpLsay ~A10d 493L| 2 3UO UL uYe} dudaM S5 |dues JUBWLPIS
(Lvavndwn

"ON POY1auW) ejeq
Aitlenh JateM Leuopien

018 ‘S3ALIRAUISIUd “S8[230q Bul|dueg
S34Npad0ud [eoL3A[euy $9J4Npad0ud ‘bulidwes plaj}4

HILVM NI
SINAISTY INTWYILIA OF G3ISA SAOHLIW IHL GNY
¥ILYM NI SOINVDY0 40 NOILIILIA - SCOHLIW

6 379Vl




23

9€£590

‘pasn seMm

poylauw suLJfdLjueou Ly
- pajewoine ayj
s|ousyd

: *s@|dwes 8y3
uumﬁ—ouounmm:m;msmmﬁpponcoﬁmmh

Jajey

{L¥ayndwN
*ON POyial) eieg
£3L11end 4338M [BUOLIEN

S94Npadnodd [eat1h|euy

©018 ©8AL1BAUISIId ‘912309 bul |dwes
S2UNPIN0JU4 “bBul |dwes plaLd

Y31¥M NI STONIHd -

Ot 378yl

SAOHL3W




24

VI  ALGAL_METHODS

A. Periphyton
1. Algal Collections

a)

Natural Substrates

Rocks approximately 20 cm in diameter (sometimes much larger) were
collected from a depth of about 0.5 m and sampled quantitatively

for attached algal growth. One of the quantitative sampling methods
employed a nylon brush sampler (Stockner and Armstrong, 1971) to
remove algae from the rocks. The nylon brush sampler was made from
a modified 50 cc syringe. Two samples were taken from a rock (com-
bined sample area of 11.5 cm2) in order to account for variation in
abundance and species composition of algae on each rock. Two rocks
were sampled at each location in order to account for algal variance
between rocks.

As the study progressed it became obvious that algal growth on
individual rocks was patchy (unevenly distributed) and low in abun-
dance. Therefore another quantitative sampling method was developed
to remove algae from entire rocks thereby compensating for within
rock patchiness and Tow algal biomass. The method involved scraping
the entire rock with a tooth brush and, when necessary, removing
encrusted forms with forceps or a razor blade. A distilled water .
squeeze bottle was also used to transfer the algae from the rock into
the collecting bin., Coilected algae were. transferred using a funnel,
into eireca 120 m1 glass jars. After sampling, the rock area available
for algal growth was measured. Aluminium foil was tightly wrapped
around the exposed part of the rock (top and sides above river bottom),
then this foil template representing the rock area was pressed flat
(sides were cut when necessary) on a large sheet of paper and the out-
1ine of the rock traced. This outline was later measured with a polar
planimeter to estimate the rock area sampled. In addition to these
quantitative samples unusual growths were sometimes qualitatively
sampled for species identification and immediately preserved in acid
Lugel's or 4 percent formalin solution.
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b) Artificial Substrates

Artificial substrates were installed at stations 1, 2, 3, 4,5, 7,
and 9 to measure the growth rates of attached algae (method of
Castenholz, 1960}. These substrates consisted of sanded plexiglass
plates with a surface area of either 150 cm2 or 450 cmé Ropes
fastened this substrate to a concrete reinforcing rod which had been
driven into the river bottom. A polyproplyene float and small brick
were also attached to the plexiglass plate. The installation was
arranged so that the floating plexiglass plate would align itself
with the current such that only the narrow edge faced the current,
with the main surface area of the plate being parallel to the direc-
tion of the current. After the immersion period the algae were
transferred from the plexiglass plate to a sample jar by use of
razor blade and wash bottle.

Artificial substrates were installed to provide information on algal
abundance and to provide algae for heavy metal analysis. The use of
artificial substrates resulted in recognizable collection deficiencies.
The orientation of the plexiglass plates in the water lead to fast

flow across the plexiglass plates, apparently restricting algal growth.
Also, the immersion period was 6-9 weeks (the time between field trips),
far Tonger than the recommended 3 week period (Castenholz 1960;

Patrick et al. 1954). In these long incubation periods algal competition
can seriously affect production rates. These long incubation periods
also encouraged invertebrate growth, particularly the Simuliidae which
interfere with a measure of the algal growth rates. The algal abundance
data collected from the artificial substrates is not presented in this
report. The species that grew on the artificial substrates were identi-
fied and have heen included.

Sample Preservation and Treatment

After the algae were sampled and put in glass jars they were placed in a
cold, dark cooler for transportation. That evening the day's samples
were wet filtered onto 5.5 c¢m or 10 ¢m whatman(R) GF/C glass fibre filters.
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Then, the filter was cut (subdivided) with a razor blade: 1/3 for
chlorophyll analysis, 1/3 for organic weight analysis, 1/6 for diatom
counts, and 1/6 to estimate the percent ahundance of the major algal
groups and to identify non-diatom species. Chiorophyll a subsamples
then had a magnesium carhonate slurry added, were dry filtered, placed
in tight fitting petri dishes and frozen in the dark until laboratory
analysis. Subsamples to be analyzed for organic weights were dry
filtered, placed in tight fitting petri dishes frozen and kept in the
dark until laboratory analysis. Diatom and non diatom subsamples were
washed off the filter with a distilled water squeeze bottle and preserved
in separate glass jars with acid Lugol's solution.

Algal Analytical Procedures

a) Biomass

Biomass determinations were performed on every sample by measuring
the organic weight and chlorophyll a content of the algae. The
organic weight, sometimes referred to as ash-free dry weight or loss
on ignition, is the difference between a dry weight (at 60°C) and an
ash weight (at 500°C). This procedure effectively weighs only cell
contents or organic detritus, not silicified materials such as dia-
tom cell walls or rock crystals. Samples for chlorophyll a biomass
determinations were extracted in 90 percent acetone with a High-Speed
Polytron Homogenizer. Then, debris and particulate matter were
removed by filtering the sample through a Whatman GF/F filter. The
residue was re-homogenized and filtered again. Both filtrates were
combined and made up to 15 ml with 90 percent acetone. Chlorophyll

o content was then measured on a technicon antoanalyzer Kan (1980)
and corrected for phaeophytin using the extinction values and formula
of Lorenzen (1967) as presented in Strickland and Parsons (1968).

b) Diatom Enumeration

Diatom identification and frustule (cell wall) counts were made on
subsamples which were cleaned in nitric acid {Patrick and Reimer
1966) and then mounted on microscope slides with Hyrax media. It
was impossible to tell if the prepared diatom frustules represented
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living cells, but preliminary observations of unpreserved material
indicated that most cells present in the sampies were alive,

To enumerate the diatom frustules on the slide, 36 stratified random
fields were counted with a phase contrast microscope at 1000 times
magnification (Ennis, MS 1972). This method resulted in a mean of
about 200 frustules being enumerated per slide. In sampies of very
low abundance, especially the April samples, it was not always
possible to count 200 frustules, and samples with very low counts

(s 10 frustule counts) are excluded from the data presentation,
Counts of about 200 frustules are well below the 8000 specimens that
Patrick and her co-workers {Patrick et al. 1954) enumerated for
their time consuming 'detailed readings'. According to Williams
(1964), counts of 300 individuals accurately represent the propor-
tional abundance of the major species. Furthermore, diversity
indicies such as the Shannon-Wiener function can be reliably calcu-
lated from counts of 200-300 frustules.

Numerous references were consulted for identification of diatoms
Patrick and Reimer (1966), Cleve-Euler (1951-1955), Hustedt (1930,
1931-1959), Huber-Pestalozzi {1942), Sreenivasa and Duthie (1973}
and Weber (1966). Bourrelly's (1968) taxonomic scheme was followed
to place the diatoms into orders and where applicable (diatom genera
A-M) the species classification outlined by Van Langingham (1967-
1971) was followed except that Cymbella caespitosa was recognized

as a distinct species. For genera not covered by Van Landingham
(starting after the genus Melosira), the species taxonomy of Patrick
and Reimer (1966), Cleve-Euler (1951-1955), Hustedt (1930) and Huber-
Pestalozzi (1942) was followed.

Algal Phyla Abundance

The relative abundance of each algal phyla was measured with an
inverted microscope using methods detailed in Northcote et al. (1975).
In the inverted microscope sample, non-diatom species abundance was
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qualitatively measured and identified using Prescott (1962).
Hoek (1963), and Bourrelly (1966, 1968, 1970).

4. Algal Chemical Composition

a} Nitrogen and Phosphorus

Total nitrogen and total phosphorus content of algae was measured

for samples collected during September. Samples were cleaned of
organic debris and sediment and washed several times in distilled
water to remove nutrients associated with the outer cell walls. After
this treatment, total phosphorus was measured using the analytical
procedure outlined in Table 6. Total nitrogen was analyzed on a
Hewlett-Packard Model 125 C:H:N analyser.

b) Excess Phosphorus Storage

Algal samples collected during September were tested for surplus
stored phosphorus. Most microorganisms contain polyphosphate
bodies which are rich in Tinear condensed phosphates {Adamec et ql.
1979). This phosphorus is used for metabolic processes when
exogenous phosphorus is limiting (Stewart and Alexander, 1971).
Fitzgerald and Nelson (1966) developed a practical method which was
used to extract the surplus stored phosphorus. The technique
involves washing the algae several times in phosphate free water to
remove any aqueous phosphorus. The surplus phosphorus is then
-extracted from the algae in boiling water bath, and analyzed by the
same procedure as used for dissolved phosphorus (Table 7). The
results, besides determining whether or not phosphorus is Timiting
to growth, can be used to see if one aquatic environment has more
available phosphorus than another region.

B. Phytoplankton

Phytoplanktonic algae were collected by filling a 200 ml bottle with river
water near the middle of the river channel. These samples were preserved
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in Lugol's solution.

Algae in the river water samples were filtered on to 0.45 ym millipore fil-
térs using a maximal vaccum of 18 cm Hg. Filters were then cleared with
cedarwood oil (McNabb 1960) and mounted on microscope slides. Algal cells
were counted (400 x) in 28 fields on each slide, distinguishing those with
(1ive cells) and without (dead cells) chloropiasts. Independent tests by
filtering live and also preserved algae showed that chloroplasts remained
intact with this technique. Suitable conversion factors were used to trans-
form counts to cells per milliliter.

Planktonic diatoms in the samples were identified using the reference works
of Patrick and Reimer (1966). Cleve-Euler (1951-1955), Hustedt (1930, 1931-
1951), Huber Pestalozzi (1942), Sreenivasa and Duthie {1973), and Weber
(1966). The works of Bourrelly (1966, 1968, 1970) and Prescott (1962) were
used to identify algae from other classes.
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VII MACROINVERTEBRATES METHODS

During each of the four sampling trips (Fig. 2), five quantitative samples for
macroinvertebrates were collected at sample stations 1 to 7 using a 0.1 square
meter modified Hess sampler which had a 351 micron mesh collection bag. The
samples were emptied into eirea 450 ml glass jars and preserved with a 10 per-
cent formalin solution.

During the August collection trip, four 0.1 square meter multiple plate sampTers
known as Hester-Dendy samplers (Hester and Dendy, 1962) were installed at each
of the seven sample sites. Stainless steel cable (2 mm diameter) was used

to attach each sampler to separate 13 mm diameter reinforcing rods which were
driven into the stream bed. Each sampler was held submerged by a 454 gram roll
of fisherman's pencil Tead.

The Hester-Dendy samples were retrieved dur1ng the September survey following a
seven week colonization period. The samples were dropped into a three liter
open mouth polyethylene container. In order to achieve minimal loss of sample
this procedure was performed underwater and the samplers were then disassembled
on the stream bank. A stiff brush was used to transfer the organisms into an
enamel tray. The contents of the enamel tray were sieved using a 354 micron
mesh sieve so that data from Hester -Dendy samplers could then be compared to data
from the Hess sampTers

All samples which were collected by either a Hess or Hester-Dendy sampler were
returned to Vancouver for sorting, identification, and enumeration. Organisms
were viewed with a Wild M5 Stereo Microscope and M1 Compound Microscope and

identified using the following biological keys: Pennak (1953}, Edmondson (1959),

and Usinger (1956). The classification of all benthic invertebrates was ~dependent

on maturity of the specimens and agreement between authors in assigning spec1mens
to appropriate classifications. For example, some authors combine the families
GTassomatidae witthhycoph11idae under the Tatter name for the order Tricoptera.
Because of these classification difficulties the term "taxa" in this report de-
notes family level or the Towest identifiable level above family.
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After the classification and identification process was completed a composite
sample for each station was deriyed hy adding the contents of the five collect-
ed samples. The total number‘of'drganisms per square meter, the total number
of organisms per sample, and the total number of taxa were determined for each
sample site and for each season.

The data were analyzed statistically using the Shannon-Wiener "diversity" index
(H')}. The diversity index (H') which was derived by Shannon-Wiener is shown
below:

n
H' = eiEIPi log, P,
where H' = diversity per sample
i proportion of the total sample
belonging to the 1th species
n = total number of taxa

and the "evenness" index (J) as described by Pielou (1966, 1967).

n
- 1 P, Tog P,
g = 4=t T2 !
1og2 n
where | Jmax = 1 (where all species are present in equal
proportions), _

Analysis of variance (Sokal and Rohlf, 1969) tests were performed using the
Hess sample diversity values to determine whether or not a significant
difference existed between sample sites and between sample times. The diver-
sity data from the Hester-Dendy samplers were used to examine the differences
in sites. Estimates for missing data were made in accordance with the methods
described by Steel and Torrie (1960). A separate analysis was made of the
diversities obtained from the two sampling methods (Hester-Dendy and Hess) to
determine if the difference between sample methods and sample sites were
statistically significant.
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VIIT CHEMISTRY DATA - RESULTS AND DISCUSSION

The detailed ehemistry data not found in this interpretative report can be
obtained in the Flathead River Basin data report (Sheehan et al. in preparation).

A. Heavy Metals

1.  Sediment - Cu, Fe, Pb, Zn, Cd, Co, Ni, Mn

Heavy metal levels in bed sediment were measured in order to document
the existing levels since future pH and temperature changes occurring

in the river water, could increase the availability of metals to aquatic
biota.

a) Non-residual metals (chemical methods, Table 4) in bed
sedime?t collected in pickle jars (Cu, Fe, Pb, Zn, Cd,
Co, Ni

Heavy metal analysis was conducted on settled sediment collected in
polyethylene pickle jars for the period April 12, 1976 to August 5,
1976, (Fig. 3 and 4) and August 5, 1976 to September 11, 1976 (Fig.
5 and 6) at stations 1 and 3 respectively. The arithmetic means

and standard deviations calculated from the original data (Table 1)
for each of the three defined particle size ranges are presented in
Fig. 3 - 6. These samples were taken primarily to give an existing
heavy metal Tevel associated with recently settled sediment above
and below the proposed coal mining development. There appears to be
a trend in the data; metal concentrations increase with a decrease
in sediment particle size. The Targe surface area to volume ratio
associated with the smaller particles probably accounts for the high
concentrations of non-residual metals. It should be noted that the
walls of the pickle jars were coated with ferric hydroxide which was
not recovered. Thus the levels of iron and other coprecipitated
metals could be higher than actually measured.

b) Total metals in bed sediment collected by scraping the sediment into
Whirl-pak bags (Cu, Fe, Pb, Zn, Cd, Co, Ni)

The total concentration levels for metals in bed sediment collected
at three sampling sites (Fig. 7, Table 12) were measured.
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bar indicates the sample size.
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The total levels are approximately three to ten times higher than
the non-residual levels collected in pickle jars for each metal
(Table 11 and 12). The differences in field sampling techniques
and analytical methodology (Table 4), associated with non-residual
metals and total metals are reflected in the magnitude of the
levels measured.

Water - Ba, Cd, Co, Cu, Fe, Pb, Mn, Hg, Ni,

Zn, As, Se
Canadian Drinking Water Standards are based on criteria which are
acceptable to the Department of National Health and Welfare, Canada.
Qur comparisons with drinking water standards are interpreted with cau-
tion. Compliance with drinking water standards doesn't necessarily
mean that biota and ungulates are adequately protected as sub-lethal
effects on many aquatic organisms and some ungulates are not known.

The mean metal levels for the water samples taken on the Flathead River
(stations 1, 3 and 5) for 1975 and 1976 were barium .11 mg 171, cadmium
.003 mg 171, cobalt .001 mg 1L, copper .00T mg 171, iron .27 mg 171,
Tead .001 mg 171, manganese .015 mg '1, mercury .05 g 171, nickel .001
mg ]'1, zinc .003 mg 171, arsenic .0003 mg ]'1, and selenium .0001 mg
1'1 (DATA SOURCE NAQUADAT). These levels are also representative of
those measured on the tributaries of the Flathead River Basin. These
mean levels are all below drinking water standards.

The drinking water standard of .05 mg ]'1 for manganese (Canadian Dept.
National Health and Welfare, 1968) was exceeded on April 12, 1976 at
station 8. On that date, the Tevel for a single grab sample was .06 mg
171, The acceptable standard of .05 mg 171 for manganese in water was
measured on April 10, 1976 at station 3 and on April 12, 1976 at stations
3 and 6.

Barium exceeded the drinking water standard of 1.0 mg 1’1 (Canadian Dept.
National Health and Welfare, 1968) on February 5, 1976 at station 2 and
3. The levels were 1.5 mg 1'1 and 1.6 mg ]"1 respectively (Fig. 8). The
high levels of barium may be accounted for by the fact that there are
barite (BaSO4) deposits in the Flathead watershed. High barium concen-
trations also correspond to period of low discharge when groundwater
contributions to base flow appeared to be high.
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Algae

The levels (ug g'1 dry weight) of copper, iron, lead and zinc in the
Flathead River algae are reported in Table 13. The concentrations
of these metals are greater in the algae than in the ambient water.
The metals in attached algae can be related to uptake at specific
locations. The present levels of metals in the Flathead River algae
can be considered background levels; concentrations for all samples
(Table 13) were lTow compared to other healthy rivers in the nearby
Kootenay River Drainage Basin (Water Quality Report in preparation).
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Macroinvertebrates

Nehring (1976} found that the metal levels in many invertebrates are
related by a predictable reproducible factor to metal levels in water.
In the present study, methodology problems associated with the collec-
tion and preservation of invertebrates invalidated the measured Tevels
of these metals in invertebrates. No further discussion of results is
warrented.
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Fish

The ranges (ug g'1 wet weight) for mercury, copper, iron, lead, and
zinc in the Flathead River Basin for S1imy Sculpins, (Cottus cognatus)
are given in Table 14. There were no observable differences in the
metal levels for Slimy Sculpins between stations in the Flathead River
Basin. Slimy Sculpins were caught by personnel from the Fish and Wild-
life, Nelson Regional Branch and were selected for metal analysis
because of their abundance and non-migratory behaviour in the Flathead
‘River. Between 5 and 9 Slimy Sculpins were homogenized for chemical
analysis and reported metal levels are for whole fish., Metal concentra-
tions in whole STimy Sculpins are probably higher than concentrations
in fish flesh alone, a pattern observed in other fish species (Rehnoldt
et al. 1976). The metal levels measured for the Slimy Sculpins are
below the Canadian Food and Drug Directorate regulations set for edible
fish flesh (see Table 14).
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B. Nutrient - Total Phosphorus, Particulate Carbon
Particuiate Nitrogen

1. Sediment

Settled sediment, collected by hand from wadeable portions of the
river at station 1 (upstream of the proposed coal development) and
station 3 (at the International Boundary} were analyzed for total
phosphorus, particulate carbon, and particulate nitrogen. This data
provides only minimal information on total phosphorus, particuilate
carbon and particulate nitrogen levels present in newly settled
sediment.
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Water

Dissolved nitrogen compounds in the Flathead River occur mainly as
nitrite plus nitrate. In the Flathead River, the biologically
important nutrient, nitrite plus nitrate is present in concentrations
of usually < .050 mg ]'1 (Fig. 9). The nitrite plus nitrate values
in the Flathead River are usually lower than the levels found in the
Kootenay System (Whitfield, MS 1979; Thorp, MS 1980). The concentra-
- tion of the nutrient ammonia which is also readily usable by algae is
generally < .025 mg 1'1. The concentrations of dissolved organic
nitrogen compounds such as urea, uric acid, and xanthine were calcu-
lated by subtracting the ammonia and the nitrite plus nitrate concen-
trations from the total dissolved nitrogen concentrations (Fig. 10).
The Tevels for dissolved organic nitrogen were usually < .075 mg 1'1.

The dissolved phosphorus levels are all < .020 mg 1'1 in the Flathead
River (see Fig. 11). Total phosphorus levels were also measured (see
Fig. 12) because a degree of uncertainty is associated with the forms
of phosphorus available for plant growth (Stewart 1974). .The levels

are similar to those found in the Bull and Elk Rivers (Whitfield, MS
1979). Three of 376 samples taken for total phosphorus exceeded drink-
ing water standards. These were associated with high suspended sediment
levels and slush ice conditions at the time of sampling.

Nitrogen and phosphorus besides being present in the aqueous component
of the river ecosystem can also be stored as surplus reserves in algae.
Since the water nutrient data misses these other components, caution
must be used when predicting nutrient related algal growth potentials.
The low biomass values measured in the Flathead River (see section 1
Biomass p. 68) and the Tow nitrogen and phosphorus levels found stored
in algal cells (see section 2 Chemical Composition p. 71) indicate the
nitrogen and phosphorus levels in the water remained low and/or unavail-
able throughout the study period.
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- samples with a zero standard deviation. The number above the bar indicates the
number of consecutive days that the six replicate samples were taken.
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Table 18 identifies occasions when means derived from sets of six
simultaneous replicate nutrient samples collected on a number of con-
secutive days were significantly different. Table 19 identified signif-
jcant differences in mean concentration over five sampling trips. These
data exhibit the occurrence of significant short term temporal variations
in nutrient concentrations which make interpoiation of concentrations
between sampling times a questionable exercise. For this reason it is
considered preferable to identify loadings {see section 3 Transboundary
loading calculations p. 56) with instantaneous concentration rather than
to attempt to calculate uncertain monthly or annual loading values.

Transboundary loading calculations

Ecologically important daily loading figures for total phosphorus,
nitrite plus nitrate, and sediment (non-filterable residue) were calcu-
lated. Water Survey of Canada supplied discharge data from the Interna-
tional Boundary Station. The calculations for total phosphorus and
nitrite plus nitrate daily loads are based on concentration means at the
time of sampling and their associated errors (Table 20). The error
associated with flow measurements is unknown and was not included in the
loading calculation.

[ =2.45 (c x Q)

¢ = mean concentration value determined from
six replicates mg'l'1

Q = daily flow ft3 sec!
T = mean load kg day-l
- s "'1 -3 _1
2.45 = conversion constant mg = 1 ft ° sec kg day
sob = £ xlL
c
g = standafd deviation of the six replicate concentration
values.
C = mean concentration value determined from six replicates

SDL = standard deviation of the Load
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The Targe error associated with the load calculation for total phos-
phorus on February 5, 1976 can be explained by the presence of slush ice.
Sediment particles are often attached to slush ice and when the water is
sampled, these particles along with some of the ice may be collected
resulting in erratic concentration values. The range for six total
phosphorus replicates taken on February 5, 1976 was .008 mg ]'1

to 4.155 mg 1'1 with a mean value of .760 mg 1_1. The errors associated

with nitrite plus nitrate calculations, however, cannot be explained.

Acidity
Acid water conditions occur when oxidized products of pyritic materials are
present in the water in sufficient quantities to affect the pH. The

oxidation of pyritic materials associated with coal can be described by the
following reactions (Ahmad 1974):

7 ) -2 42 +

Fesz(s) + 5-02 + H20 = ZSO4 + Fe + 2H (1)
+2 1 + _ +3 1

Fe + 30, +H - Fe + Lm0 (2)

retd 4 34,0 = Fe(OH), + 3yt (3)

The overall relationship is described below:

154 4+ %—H 0 = 2H.S0

FeS,(s) + 10, 2 25Uy

+ Fe(OH)3 (4)

The sulphur content of eight core samples which were taken from eight
different coal seams from the Flathead coal deposits is between 0.46 per-
cent and 0.69 per cent (Rio Algom, unpublished data). The sulphur content
associated with coal deposits in the Flathead Valley is low compared with
the content of sulphur associated with deposits in the eastern United States
where acid production from coal mines is a problem. The sulphur content

of coal deposits can vary from 0.55 percent to 4.25 percent (Tennessee)
Valley Authority, 1968). The oxidation rate which is a function of the
oxygen concentration, temperature, degree of surface saturation by water,

and pH of the solution in contact with the pyrite is important in SO4
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formation.

The ETk River which does not appear to have experienced decreases in pH as
a result of the coal-mining actibity in the Fording-Sparwood-Fernie area

is Tocated in an adjacent drainage basin. The coal from the Elk River
basin and the Flathead River basin is part of the Kootenay formation (B.C.
Dept. of Mines and Petroleum Resources, 1976). The Elk River has average
levels of alkalinity of 100 mg 1"1 and an average pH of 8.0 above the coal-
mining activity (Rocchini, 1976). These levels are similar to the levels
found in the Canadian section of the Flathead system (see Figures 13 & 14).
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Suspended Sediment

The concentration of suspended sediment in the Flathead River fluctuates
with the flow regime. High concentations of suspended sedjment are associ-
ated with the freshet period. On the Flathead River this period occurs in
the spring, (April 13, 1976, a Tevel of 120 mg 1'1 and May 28, 1976, a

level of 150 mg 171 at station 3). Low concentrations of suspended sediment
were noted during the low flow period, (i.e. August 5, 1976, a level of 2 mg
171 and September 12, 1976, a level of 1 mg 171 at station 3). Logging,
road construction, and exploratory mining were in progress during the study
period.

Suspended sediment can affect the 1ight penetration, the temperature and the
survival of aguatic organisms. For example, Dolly Varden deposit eggs in

the gravel of the Flathead River and its tributaries from early August to
October when suspended sediment concentrations are low. The eggs incubate
over the winter months and hatch in the spring. Increases in suspended sedi-
ment concentrations during the incubation period could lead to increased
sediment deposition, and the smothering effect is known to cause egg mortal-
ity in salmonids, (McNeil & Ahnell 1964; Lanager MS 1975).
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Carbon (Total Organic Carbon and Total Inorganic Carbon)
and Phenolics in Water

The concentrations during the study period for total inorganic carbon
ranged from a maximum of 35 mg.l'1 (for September 11, 1976) to a minimum

of 18 mg 171 (for June 14, 1976). Total organic carbon ranged from a
maximum of 95 mg 1'1 (for May 28, 1976) with a minimum value of <1.0 mg 1'1
(for September 11, 1976) at Station 3. The significance of total organic
carbon and total inorganic carbon levels in the water can only be given
limited interpretation unless the chemical compounds present are jdentified.
Of the organic compounds present only phenolics were analysed. They
remained below the detection limit of 1 ¢ 1'1 throughout the study period,
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F. Ions (Ca, Mg, K, Na, CT, F, Si, 50,)

The ions measured were all below the water quality criteria recommended
for drinking water standards throughout the basin over the study period
(EPA 1972, Canadian Dept. National Health and Welfare, 1968).

A summary of the data is presented in Table 21.
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ALGAL DATA
The detailed algal data not found in this interpretative report can be
obtained in the Flathead River Basin data report (Sheehan et qZ. in prepara-

tion).

A. Periphytic Algae

1. Biomass

a) Chlorophyll a determined Biomass:

Chiorophyll a estimates of algal biomass differed greatly depending
on the sampling methodology used (see methods section). Chloro-
phyll a {mass per unit area) estimates based upon subsamples from
rocks (Stockner Armstrong sampler) were always higher than esti-
mates obtained from sampling entire rocks and results must be
interpreted with care (Figure 15, 16). Most probably those regions
on the rocks with densest algal growth were unknowingly selected

when using the Stockner Armstrong sampler. Chlorophyll a levels

obtained from entire rocks were usually less than 1.0 mg m'2

(Figure 15). These values are extremely Tow and closely comparable
to values found in ultra oligotrophic systems such as Carnation
Creek on Vancouver Island where chlorophyll « values in non-estuary
regions averaged 1.9 mg m2 (Stockner and Shortreed 1975). On
site observations indicated that algal growth in the Flathead Basin
was quite patchy both between rocks and on individual rocks.
Occasional high chlorophyll @ levels from entire rocks {once at
stations 5 and 2) were not duplicated in replicate samples and
appear to represent rocks that had unusually high algal growth.
These values were less than 20 mg m'2 and still indicative of
oligotrophic waters (values in oligotrophic, Lake Superior range
from 14.9 - 73.5 mg m-2; Stokes et al. 1970).

Chlorophyll a values obtained from subsamnles off rocks exhibited
some variability within the Flathead River Basin. Chlorophyll a
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levels were generally highest in Howell Creek at stations 2 and 7.
Dissolved phosphorus levels, during non-freshet periods, were often
slightly higher at these stations than elsewhere, and probably
permitted denser algal populations to develop on selected areas of
the rocks in Cabin and Howell Creeks. Chlorophyll a levels were
only occasionally high on the mainstem Flathead River and at station
9 located on Couldrey Creek.

b) Organic Biomass

Organic biomass (ash free dry weight) estimates of community biomass
also indicated that the Stockner Armstrong subsampling method select-
ed for areas of densest biomass on single rocks (Figures 17, 18).
Biomass measured by this method tended to be higher than comparable
chlorophyll a estimates of biomass. Any contamination in the samples
such as organic sediment, leaf 1itter, or invertebrates would of
course, result in an exaggerated estimate of algal organic biomass
but would not affect chlorophyll a estimates. Generally organic
biomass values were below 3.0 mg c:m'2 » indicative of unenriched, Tow
nutrient water {Pitcairn and Hawkes 1973; Northcote et qZ. 1975)
but certainly above values found in ultra oligotrophic waters
{Stockner and Shortreed 1975). Trends in organic biomass did
parallel chiorophyll a trends with the highest biomasses being found
at stations 2 and 7 in the Cabin-Howell Creek region. Also, station
5 on the mainstem Flathead River, had dense algal growths during
August.

2. Chemical Composition

a) Nitrogen and Phosphorus:

During September algal samples were taken and the nutrient composi-
tion of the cells analysed. Nitrogen content varied from 17 - 41

ug N mg'1 dry weight algae (Table 22), with a mean value of 29 ug N
rng'1 algae. Highest nitrogen levels occurred in the Cabin-Howell
Creek region and were usually measured in Nostoe verrucosum, a blue-

green alga that can fix nitrogen gas {a complete 1list of the algal
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species inyolved 1in these analyses is presented in Table 22).
Phosphorus content averaged 1.5 yg P mg_'1 dry weight algae

(Table 22). Both nitrogen and phosphorus content fall within the
range reported in the Tliterature (Healey 1973). However, both
nitrogen and phosphorus content are low compared to most other
reports (typical Titerature N content is 55 ug N mg'1 for algae,
typical Titerature P content is 1] ug P mg'1 for algae). This
suggests that algae in the Flathead Basin are limited in growth by
lTow nutrient levels.

The ratio of nitrogen to phosphorus (N:P ratio) also provides valu-
able information on factors affecting algal growth. The literature
indicates that average cellular N:P ratios are approximately 5:1
(Healey 1973), although this ratig can change dramatically depend-
ing upon the physiological state of the plants (Kistritz 1979),
Most values in the Flathead Basin were over 20:1 indicating that
populations are Tow in phosphorus and perhaps phosphorus 1imited.

txcess Stored Phosphorus:

Algae store excess phosphorus in their vegetative cells for use
when exogenous phosphorus is Timiting (Fitzgerald and Nelson 1966;
Stewart and Alexander 1971). Al1 values in the Flathead Basin were
below a Tevel of 1.0 g mg'1 dry weight algae (Table 23), consider-
ed indicative of phosphorus 1imited populations (Fitzgerald 1969),

Algal Phyla Abundance and Succession

The attached algal flora consisted of blue-green algae (Cyanophyta),

green algae (chlorophyta), diatoms (Chrysophyta - Baci11ariophyceae),
as well as algae belonging to the Chrysophyta classes - Chrysophyceae
and Xanthophyceae.

There was a marked succession in the abundance of the major algal
groups that formed the Flathead Basin flora. Diatoms, for instance,
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were generally dominant in April, the Chrysophycean alga Hydrurus
foetidus was important in June while green algae were volumetricalily
important in August and September (Figures 19, 20). Blue-green algae
were sometimes abundant in April or in August and September. If
samples are collected in future years the inherent periodicity of the
algal groups should be considered when interpreting the results. It
should be noted that samples collected either by subsampling rocks or
by scraping entire rocks generally showed comparable results (Figures
19, 20). '

Besides the seasonal pattern there were also distinct spatial varia-
tion in the distributions of the algal phylas. In the Cabin-Howell
Creek area (stations 6, 2 and 7) blue-green algae were much more
abundant than elsewhere in the Basin. This was primarily due to the
abundance of the large colonial blue-green alga Nostoe verrucoswn.
The denser algal biomasses in the Cabin-Howell Creek region (Figures
15 - 18) are also associated with this large blue-green alga. Couldrey
Creek also had periods of Nostoc verrucosum dominance. Blue-green
dominance in Sage Creek were not associated with Nosteoe but occurred
instead at a time when community biomasses and abundancies of other
algal phylas were particularly low,

*

Species Composition

a)

Green Algae

Ten species of green algae were identified in the periphytic algae
of the Flathead Basin (Table 24). In addition, one other green alga,
Haematococcus sp. was in the water-filled rock pools alongside the
upper reaches of Cabin Creek. Although several green algal species
were often present in individual samples, only Ulothriz zonata,
Stigeoclonium sp., Or Monostroma sp. were volumetrically important.

Both Ulothrix zomata and Stigeoclomium sp. were widespread in their
distribution in the Flathead Basin. The distribution and abundance
of U. zonata the most common of the two algae is illustrated in
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TABLE 24 - A 1ist of the Cyanophyta, Chlorophyta, Chrysophyceae
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and Xanthophyceae species occurring in the periphyton
of the Flathead River Basin, 1976.

Species

Cyanophyta
Lyngbya spp.

Microcystis Sp.
Nostoc verrucosum Yaucher
Oscillatoria Spp.
Raphidiopsis - 1ike

- Rivularia sp.
Tolypothrixz sp.
Unidentified species

Unidentified Chrococcales species

Chlorophyta

Closterium sp.

Haematococeas sp. (in rock pools)

Microspora
Mornostroma SPp.
Mougeotia
Spirogyra  SP.
Stigeoclonium Sp.
Tetraspora Sp.
Ulothriz SD.

Ulothrix zonata (Ubber & Mohr) Kutz.

Unidentified filament

Chrysophyta - Chrysophyceae

Hydrurus foetidus (Vill.) Trev.

Chrysophyta - Xanthophyceae

Tribonema Ssp.

Entire rocks

XX X OX X X X

Occurrence
SA rocks

Plexiglass

Hoox MW MM MM
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Figure 21. This species is frequently found in cold streams
(Prescott 1962) and in the Flathead Basin was present at all
sample stations.

Monostroma sp. was restricted in distribution to Cabin and Howell
Creeks (stations 6 and 2) and to Couldrey Creek (station 9). The
freshwater species of Monostroma are found in alpine and subalpine
streams around the world (Parker et qZ. 1973). In the Flathead
system it was most common at station 6 in the upper reaches of

Cabin Creek, a high altitude Tocation where the creek consisted of

a series of cataracts. At this sampling location Monostroma sp. was
often the only alga in large sections of the river. (Near the edge
of the creek Monostroma sp. occurred with Nostoe verrucosum and

some species of diatoms.) In the United States, Parker et al.
(1973) report the occurrence of Monostroma quaternarium (Kutz.)
Desmaz. in streams draining into the Middle Fork of the Flathead
River. In this U.S. section of the Flathead Basin Monostroma
quaternarium grows best in cold running semi-shaded streams (such as
Cabin Creek, station 6), although it will tolerate a wider range of
light intensity. Monostroma also has an apparent preference for
iron-rich (and perhaps sulphide-rich) locations (Parker et al.
1973).

Blue-Green Algae

Nine species of blue-green algae were identified from the periphytic
flora of the Flathead Basin (Table 24). Most species were widespread

in distribution but rare in numbers. However, Nostoe verrucoswn was
most abundant at the Cabin-Howell Creek locations (stations 6, 7 and’

2) where the flora was sometimes composed entirely of this species

of Nostoc (Figure 22). Nostoe verrucosum was also abundant in

Couldrey Creek. It was generally not encountered in the mainstem
Flathead River except for occasional populations growing at stations

3 and 5. It was never found at station 4 in Sage Creek. Nostoc
verrucosum grows on rocks and stones in several rivers (Huber-Pestalozzi,
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1938) and has a number of adaptations which allow it to flourish in
low nutrient, oligotrophic waters. Like other Nostoe species N.
verrucosum has the ability to fix atmospheric nitrogen. Also, &.
verrucosum can accumulate phosphate from the environment much faster
than other species of Nostoe and the ratio of phosphorus in #.
verrucosun to phosphorus in water is highest in water containing the
Teast amount of phosphorus (Whitton 1967). Whitton (1967) suggests
that the presence of N. verrucosum in British waters with low
phosphorus values (2 - 3ug 1'1) is related to the alga's ability to
accumulate phosphorus.

Non-Diatom Chrysophytes

Only two non-diatom chrysophytes were identified, Tribonema sp.
(Xanthophyceae) was found once growing on a plexiglass plate. The
other sbecies, Hydrurus foetidus (Chrysophyceae), was very common in
June but not present at any other time. During June H. foetidus was
generally the most abundant alga in the Flathead Basin; Sage Creek
(station 4) being the only site without #. feotidus (Figure 23).
Hydrurus foetidus is also reported growing in subalpine streams
draining into the U.S. portion of the Flathead River (Parker et al.
1973). Although H. foetidus prefers high light intensities (Parker
et al. 1973) the major factor regulating H. foetidus is water
temperature. It is found in cold, usually mountainous, streams
throughout the world (Stein 1975; Bourrelly 1974; Levadnaya and
Kuz'mina 1974; and Squires et al. 1973). Parker et aZ. (1973)

also report that #. foetidus prefers pH 6.4 - 8.0 and waters which
flow over igneous or non-calcareous rock.

Diatoms

Diatoms were present in almost every sample and were therefore
examined in detail. The diatom species were identified to the
species or variety level and cell counts performed. The following
sections present results in terms of diatom cell numbers, numbers of
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species, Shannon-Wiener diversity indicies, species composition and

distributions.

i)

i)

diatom cell numbers

As noted for chlorophyll « and organic weights there were more
diatoms (up to 15 x 10% diatoms per cm2) in collections obtained
by subsampling rocks (Figure 24} than in collections where the

6 diatoms
per cm2). It appears that the subsampling method overestimates '

entire rock (Figure 25) was sampled (maximum of 1.5 x 10

biomass as determined by diatom cell numbers. Results from

entire rocks are similar to diatom cell counts obtained from

natural substrates in other oligotrophic waters although wide-
ranging literature reports make it hard to be conclusive about

the trophic status of the Flathead Basin. The numbers reported here
are, for instance, less than those reported by Douglas (1958) from a
nutrient-poor English stream but comparable to values in the
nutrient rich but turbid Fraser River {Northcote et aZ. 1975).
Physical factors such as turbidity also regulate diatom numbers
making it difficult to relate algal biomass directly to nutrient
status of rivers.

diatom diversity

The number of diatom species identified per sample ranged from 2
to 25 species. Number of diatom species were also comparable in
either subsampled or entirely sampled rocks (Figures 26 and 27).
The number of species (and cell numbers) seen were least in ApriT
at the start of freshet when the river was cold and turbid.
Greatest diversity was observed in August and September. There
appeared to be little regional variation in diversity except for
the reduced number of species at the Sage Creek station. Results
are not easily comparable to other studies since the numbers of
species identified is related to the effort spent in enumerating
individual samples (see method section).
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A measure of diatom species diversity which depends on both the
number of taxa and abundance of individuals within each taxa
was also calculated. This index, called the Shannon-Wiener
function (see section VII page 31 for the mathematical formula)
produces results that are easily compared with other studies.
The sampling effort has less influence on the results because
increases in the number of rare species are offset by the
greater abundance of individuals in the common species. The
diversity values range from below 1 for low diversity often in
polluted waters {Weber 1973} to values as high as 3 or 4 in
unpoiluted waters.

In the Flathead Basin diversities were often near 1.0 in April,
at the begining of freshet, but increased to values between 2 -
4 later in the year (Figures 28-and 29). The only exception was
Sage Creek which had diversities generally between 1 - 2 on
rock subsamples (with slightly higher diversities from entire
rocks) throught the year. The lower diversities found for Sage

~ Creek cannot be explained. Generally, results were comparable

1)

between the two sampling methods, both sets of data reflecting
the unpolluted status of the river.

diatom composition

In the attached flora of the Flathead Basin there were 86 diatom
species identified (Table 25). But only 28 spécies were dominant -
made up more than 10 percent of any single saﬁble's numeric
abundance (solid circles Table 25). More diatom species {and
dominant species) were observed from rock subsamples than from
entire rock samples (72 versus 67) but this is probably because

of the larger number of samples collected by the subsampling
method. Diatoms collected on the artificial substrates are also
listed in Table 25; it is interesting to note that.those species
also occurred on natural substrates. Furthermore, the most
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