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EXECUTIVE SUMMARY ' 

The aim of this investigation was to review plant biomass and nutrient relationships in Alberta rivers 
over time and space and to propose preliminary guideline values for management of plant 
abundance and nutrients in ‘prairie rivers. In this report_, we analysed data collected for Alberta 
rivers from 1980 to 1995 and tested fortrends over time and with downstream distance for each 
river. Multiple regression models were constructed relating benthic and planktonic chlorophyll a in 
the rivers to the nutrients nitrogen (N) a_nd phosphorus (P), river discharge, and surrogate varia_bIes 
for light availability (turbidity and non-filterable residue). By comparing our model results to similar 
studies for other riversystems a_nd interpreting trends observed within and among Alberta's rivers, 
weproposed preliminary guidelines -for the management of‘ periphyton biomass and P and N in 
Alberta rivers. 0 

Nutrient concentrations and algal abundance (measured as benthic and planktonic chlorophyll a) 
in the Milk, Oldman, Bow, Elbow, Highwood, Sheep, Red Deer, No_'rth Saskatchewan, Athabasca 
and Peace river systems ranged from below detection lim_its to greater than 3 mg I" total 

phosphorus (T P), greater than 15 mg I" total nitrogen (TN), near 1000 mg m'2 benthic chlorophyll 
a and near 900 mg m“ planktonic chlorophyll a. Despite the broad" ‘range of nutrient and chlorophyll 
a concentrations measured in Alberta rivers, the mean concentrations for each river fell within 
expected ranges for similar rivers in North America and abroad. 

There was no consistent pattern in nutrients and chlorophyll a in Alberta rivers over time. 
lmprovemelnts in water quality (characterized by declines in algal abundance and P and N 
concentrations) were observed in some rivers (most notably the Bow River, but also modest 
improvements in the Highwood-Sheep, Elbow, Oldman, and South Saskatchewan rivers). In other 
rivers (e.g., the Red Deer, North Saskaffchewa_n and Athabasca rivers), water quality remained the 
sameor deteriorated slightly over the monitoring penod. The influencenof the cities of Lethbridge.

. 

Calgary, Medicine Hat, Red Deer, Edmonton and the town of Hinton on water quality was observed 
immediately downstream of the municipal bound_aries in the form of increased concentrations of P 
and N and elevated levels benthic and planktonic algae. These increaseswere most noticeable in - 

the spring a_nd fall when river discharge was low; most systems recovered to ‘near upstream 
concentrations within 100-200 kilometres downstream of the municipal inputs. 

Regression models relating instantaneous samples of chlorophyll a (benthic and planktonic) to 4 

corresponding concentrations of P and N, disc_h_arge and surrogate variables for light a_vaila,bility for 
all Alberta rivers col|ectively'show'ed that instantaneous nutrient concentrations were poor predictors . 

of algal biomass for all Alberta rivers (benthic algae: 0.19 s I3 s 0.21; planktonic algae: 0.13 s r2 s 
' 

0.16). Instantaneous models‘ for benthic chlorophyll a weremoderately improved when the data 
were grouped by rnajor drainage basin (Peace-Athabasca:« F = 0.34; Saskatchewan River: I2 = 0.23) 
and sub-basins of the Saskatchewan River drainage (North basin: :2 .= 0.41; South basin: /2 = 0.41). 
Similarly, planktonic chlorophyll a models were improved in drainage basin nutnent.mode_Is (Peace-



Athabasca: I2 = 0.49; Milk River: I2 = 0.84; Saskatchewan River: I2 5 0.17) and sub-basin models 
for the Saskatchewan River drainage (North basin: 12 = 0.18-; South basin: :2 = 0.40). 

l_n addition to models relating instantaneous chlorophyll a to instream nutrient concentrations, mean 
seasonal (spring, summer and fall) concentrations of chlorophyll a were related to water chemistry 
a_nd flow from the season in which the algae were collected and to t_he seasons preceding 
chlorophyll a sampling. With the exception of benthic chlorophyll collected in the summer, mean 
seasonal ch_|oro’phyl| a was best modelled by‘ water chemistry from the season in-which it was 
collected (i.e._, mean fall chlorophyll a was best modelled by mean fall chemistry). Spring 
concentrations of total dissolved P (T DP), nitrite plus nitrate (NO_,+NO,,), non-filterable residue (NF R) 
and flow were the best predictors of spring epili_thic.chIorophy|l a (r”= 0.36), whereas spring TN and 
flow were the best predictors of spring planktonicchlorophyll a (/2 = 0.41). Spring TDP, NO2+NO3~ 
and maximum annual flow were the best predictors of summer periphyton abundance (F = 0.33) 
whereas summer TN and TP explained most variat_ion in summer planktonic algae (50%). Thirty- 
five percent of fall periphyton variability was explained by fall concentrations of NO2+NO3, turbidity 
and TP, whereas 49% of fall planktonic variabil_ity was expla_i_ned by fal_| TP,- annual m_ax_imu,m_ flow, 
NO2+NO3 and NFR. Finally, we examined the relationship between nutrients and chlorophyll a for 

. all seasons combined: 31% of‘ the variability in epilithic algal abundance was explained by TDP, 
NFR-, _NO,+NO;, and total Kjeldahl N (l' KN) whereas 42% "of pla_n_ktonic chlorophyll a variability was 
explained by TN, TDP, and annual mean flow. 

Assessment of periphyton chlorophyll a concentrations from river sites throughout Alberta showed 
that 95% of all reference sites (i;e., sites upstream of any major point sources) had periphyton 
chlorophyll concentrations ranging from 37 to 51 mg miz. Results from ou_r regression models as 
well as periphyton-nutrient frequency distributions showed that, in general, TP (or TDP, depending 
on the metric used to predict chlorophyll concentrations) concentrations less than 0.012 mg‘ I" will 
result in periphyton growth of less than 50 mg m'2 chlorophyll a, - Similarly, dissolved inorganic N 
(DIN) concentrations less than between 0.058 and 0.187 mg I" or NO2+NO3 concentrations less A 

than 0.050 mg I'_‘ will yield the same benthic chlorophyll a levelsvas those for P. Further research 
is recommended to validate approaches for e_‘sta_b|ishing guidelines and to assess the most sensitive 
variable for measuring the response of periphyton to enrichment.
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1.0 INTRODUCTION 

Anthropogenic loading of the nutrients nitrogen ("N") and phosphorus (P) from industrial, municipal 

and agricultural sources has increased nutrient concentrations of many lakes and rivers worldwide 

and enhanced production of phytoplankton (suspended algae), periphyton (benthic algae) and 

. rooted vascular plants (macrophytes). The role of nutrients in regulating phytoplankton biomass in 

lakes has long been established and reductions of P and N inputs to lakes have been successful 

in reducing phytoplankton abundance (e.g., Dillon and Rigler 1974; Edmonson and Lehman 1981 ).. 

However, the relationship between ‘nutrient concentrations and plant biomass in rivers, where the 

domrinant primary producers are the periphyton, is less clear. Consequently, it has been difficult to 

establish nutrient guidelines that effectively control plant growth (We|ch et al_. 1989).. 

aim of this study was toevaluate the relationship between ‘plant biomass (periph'yto’n and 

. phytoplankton, measured as. chlorophyll a per unit area or volume) and P and N‘ concentrations in 

Alberta rivers. Rivers in Alberta receive nutrient inputs from municipal sewage effluent, agricultural 

activities, and _industrial effluents. For example,‘ a recent report investigating agricultural impacts 

on water quality in Alberta showed that between 65 and 99% of water samples collected from 

streams draining moderate to high agricultural intensity regions (most notably in the southern half 

of the province) had total P. and N concentrations that exceed_ed Alberta Surface Water Quality 

Interim Guidelines (CAESA 1998). in northern Albejrta on the Athabasca River system, 20% of 
water‘ samples exceeded A_|,be_rta guidelines for total P between 1980 and 1993; during low flows, 

between 37 and 90% of this total P loadwas from anthropogenic sources (Chambers 1996). 

Sewage effluent from the city of Grande Prairie has also been linked to exceedances in total "P and , 

N along the Wapiti-Smoky river system (Chambers 1996) and sewage effluent from Calgary has 

been linked with increased P and N and subsequent plant growth in thetBow River (Sosiak 1.990). 

In this report, we; (1) examine temporal and spatialtrends in nutrient concentrations (P and N) and 

plant biomass (periphytovn and phytoplankton) i,n_,Alberta rivers, (2) quantify the relationship between

-1
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plant biom_ass-,- nutrients and flow i_n A_|_bert_a rivers," (3) relate plant biomass to nutrient levels in 

prairie rivers for three plant biomass scenarios, and (4) recommend any necessary improvements 

in eutrophicat_ion monitoring strategies for Alberta rivers.- 

1.1 Background 

Many studies have demonstrated that growth and abundance of benthic and planktonic algae in 

rivers are related to instream nutrientconcentrations. For exa_mple, Stockner and Shortreed (1978), 

Bothwell (1985), and Mundie et al. (1991) demonstrated th_rough the use of artificial strea_ms that 

benthic algal growth in oligotrophic rivers in British Columbia was P-li_m_ited. Periphyton growth in 

Australian st’ream_s draining sub-alpine, forested, agricultural or urban catchments was either N or 

P-limited,‘ depending on instream N to P ratios (Chessman et al. 1992). In Denmark, P was an 

_ important regulator of benthic algal biomass in small lowland streams with fine-grained sediments 

(Kjeldsen 1994). Basu and Pick (1996, 1997) showed that planktonic chlorophyll a concentration 

was predicted bytotal P in the Ride'au_ River-, Ontario (I2 = 0.43) and _in 31 rivers i_n_ eastern Canada 

(r2 -= 0_.76). Similarly. _J_ones et al. (1984) demonstrated that planktonic chlorophylvl a was "positively 

related to both total P and total N concentration in eight Missouri Ozark streams. 

Despite the importance of nutrients in regulating lotic algal growth. a number of other physical, 

chemical and biological factors confound these relationships. 
' 

Biggs (1988) recognized the 

importance of flood events. sediment stability. and water velocity in influencing benthic algal growth 

and developed a model that incorporated these factors to predict algal growth potential in New 
Zealand streams. and Close (1989) further concluded from a study of periphyton biomass 

in nine New Zealand rivers that hydrological factors contribute equally with nutrients to determine 

periphyton growth. Horner et al. (1990) demonstrated that periphyton uptake of P increased with 

increasing concentration and "water velocity, up to approximately’ 60 cm s", beyond which biomass 

was reduced by scouring. In addition to nutrients and water flow, the roles of grazing organisms .

2



light have been recognized as determinants of periphyton biomass in rivers. For exa_mp|e, Hill et 

al. (1992) showed by means of experiments conducted in artificial streams that primary production 

in a Tennessee stream was simultaneously limited by nutrient availabil_ity and grazing by snails. 

Winterbourn (1990) studied the role of grazers in influencing algal growth and found thata reduction_ 

in herbivory resulted in an increase in algal standing crop in a New Zejaland mountain streamt. 

llansson (1992) fou_nd fa curvilinear response between periphytic algal biomass and nutrient 

availability and light in Swedish and Antarctic lakes. 

Large, long-term databases are uniquely suited for determining both temporal and spatial trends 

in water quality in rivers. The ability to (detect such trends facilitates the ‘development of 

management strategies and makes it possible to target management practices on sites or regions 

of particular concern (Stow et al. 1998). For ekample, Cun etal. (1997) quantified trends _in water 

quality in the Seine and Marne rivers, France, from 1910 to 1998 and reported that ammonia and 

dissolved oxygen concentrations in the Paris area were problematic and should be targeted for 

improved management practices.- Momen et al. (1997) evaluated trends in water quality in Lake 

George, New York, and found few significajnt changes from 1981 to 1993, despite previous reports 

suggesting increases in primary productivity in the lake caused by increased urbanization. 

Lettenmaier et al. (1991) evaluated trends in stream water quality in the United States and reported 

thatcommon ions and nutrient concentrations had generally increased, while phosphorus had for
I 

the most part declined over the p,erio,_d 1978 to 1987. In a similar study, Smithlet al. (1987) reported 

that faecal ‘bacteria and lead concentrations had generally declined, whereas concentrations of 

nitrate, chloride, arsenic, and cadmium had increased in streams of the United States over the 

period 1974 to 1981.
‘ 

This report sufm,ma_ri_z'es results from statistical analyses of the relationship between algal biomass, 

nutrients and flow in Alberta rivers and discusses dominant trendsin plant biomass and nutrients 

within rivers over time. We relate patterns observed" in this report to _finding_s in the. current literature
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and we relate benthic chlorophyll a to phosphorus a_nd nitrogen concentrations for three biomass 

-scenarios. We also make recom_mend_ation's on how to improve monitoring of chlorophyll a and 
nutrients within Alberta rivers to most effectively detect trends into the future. - 

2.0 METHODS 

2.1 Study Area 

Waterquality in Alberta rivers has been monitored by Alberta Environmental P_rotection for more 

than 20 years. Some’ regions have been more intensively studied than others, and these are usually 

in the more highly popu_lated parts of t'h‘e'province. We examined patterns in algal abundance and 
nutrients in most ofthe major mountain-fed rivers i_n the province, including the Milk, Oldman, Bow, 

Highwood, Sheep, South Saskatchewan, Red Deer, North Saskatchewan, Athabasca, Wapiti, 

Smoky and Peace rivers (Fig. 1). 

The Milk River arises in the Rocky Mountain foothills of Montana and flows through the most 

southern portion ofAlbe‘rta. It drains arsmall area consisting mostly of grasslands with a population 

of less than 2000'in 1988 (Mitchell and Prepas 1990).‘ The Milk River and its major tributary, the 

North Milk R_i_ver, were sampled for epilithic and planktonic chlorophyll a by Alberta Environmental 

Protection in 1986 and 1987. 

The Oldman River arises in the Rocky Mountains west of Pincher Creek and flows across Alberta’s 

foothill regions, through the prairie grassland ecoregion. The river flows through the City‘ of 

Lethbridge (1994 population: 64,938; Canadian Almanac and Directory 1997 (CAD1997)) and 

eventually converges with the Bow River approximately 330 river kilometres downstream of its 

headwaters. Much of the Oldman River drainage basin is used for agricu_ltu_ral activities, Flows in 

the Oldman River are regulated by one dam, the Oldman Dam, located approximately 100 river

4



eRmsH.coLuMaiA 

@ 
@ 
@ 
6 

@000 

NORTHWEST TERRITORIES

~

~ 

.NVN\3HO.LV.’|SVS 

Peace" River Basin 

Athabasca River Basin 

North Saskatchewan River Basin 

Red Deer Riyer'Bas_in 

Bow River Basin 

Oldman River Basin 

South Saskatchewan River Basin 

- -- v- - 

’ 

SCALE 7
A Milk RiverBasIn 

0 so we fiokm MONTANA~ 
Figure 1. Drainage basins and major Alberta rivers investigated in this study. Adapted from 
Mi_tchel| and Prepas (1990).



kilometres upstream of Lethbridge. One fifth of the entire flow of the South Saskatchewan River
_ 

basin (which includes the Bow, Oldman and Red Deer rivers)’ comes from the Oldman River, and 

this amounts to approximately 1.5 billion m3 of water annually (Mitchell and Prepas 1990). 

Planktonic and epilithic algal abundance were monitored in the Oldman River and its tributaries by 

Alberta Envi‘ronmen,tal Protection in 1980. 1981, 1984 to 1986, and from 1990 to 11995. 

The Bow River, arising at the Bow‘ Glacier north of Lake Louise, is the most intensively surveyed‘ 

n'ver‘in Alberta with respect to algal ab‘u'ndanc_e. The Bow River flows through the Rocky Mountain 

foothills and across the prairie grassland ecoregion, through the City of Calgary (1996 population; 

767,059; CAD 1997), and converges with the Oldman River approximately 630 river kilometres 

downstream of its headwaters, The Bow River is regulated by a number of dams along its length 

that are used primarilyfor"hydroelectric power generation and i_rrigation (Mitchell and Prepas 1990). 

Algal abundance was monitored in the Bow River along” its length from 1980 to 1995. The Elbow 

River, whi_ch drains into the Bow River at Calgary, was sampled for algal abundance in 1988, 1990 

to 1992, and 1994 to ‘1995. The High_wood River, also -a major tributary ofthe Bow, and the Sheep 

River, which drains into the Highwood, were sampled for algal abundance from" 1984 to 1986. 

The South Saskatchewan River arises at the confluence of the Bow and Oldman rivers and flows 

approximately 260 river kilometres, passing through the City of Medicine Hat (1994 ,population_: 

45,892; CAD 1997), before reaching the Alberta Saskatchewan border. The ‘region is primarily 

afgricultural and the drainage basin is confined tothelshortgrass prairie ecoregion (Mitchell and 

Prepas 1990)_. Algal abundance and water quality were sampled at five stations along the length 

of the river in 1980, 1981 and 1986. 

The Red Deer River originates east of Lake Louise, traverses the Rocky Mountain -foothills and 

prairie grassland ecoregion of Alberta, and converges with the Bow River just east of the Alberta- 

Saskatchewan border (Mitchell_ a_nd Prepas 1990). The Red Deer River is regulated by the Dickson

, 6



Dam upstream of Red Deer a__nd flows through t_he_cities of Red Deer (1996 population: 59,834; 

CAD 1997) and Drumheller (1994 population: 6,277; CAD1997), extending approximately 640 river 

kilometres across the province. Algal abundance and water quality in the Red Deer River were 

monitored from 1983 to 1988 and in 1991 and 1995. 

‘j 

The North Saskatchewan River, which drains a total area of aPPf0.X_imately 56,700 km“ within 

Alberta, arises in the Rocky Mountains and -flows through a number of ecoregions, including the 

boreal northlands, boreal uplands, boreal foothills and ultimately the boreal mixedwoodforest 

(Mitchell a_nd Prepas 1990). The river flows through the towns of Rocky Mountain "House (1994 

population: 5,684; CAD 1997). and Drayton Valley( 1994 population: 5,983; CAD 1997), and the 

cities of Edmonton (1995 population: 637,442; CAD 1997) and Fort Saskatchewan (1994 

population: 12,313; CAD 1997). The river drains eastward into Saskatchewan north of the city of 

Lloydminstevr and eventually converges with the South Saskatchewan River in east-central 

Saskatchewan to form the Saskatchewan River. Algal abundance and water quality in the North 

Saskatchewan River were -monitored in 

I 

1983, 1984, 1985, 1988, and 1994 by Alberta 

Environmental Protection. 

The Peace-Athabasca drainage basin covers approximately 346,530 km’ and is the largest 

watershed in Alberta. The Athabasca River arises in Jasper Na_ti,o_na_l Park and flows north and east 

across the province through the boreal foothills and boreal mixedwood ecoregions, ultimately 

draining into Lake Athabasca ('Mitchel'l ajnd Prepas 1990), The Athabasca River flows through the 

towns of Hinton (1994 population: 9,341; CAD 1997), Whitecoujrt (1994 population: 7,056; CAD 

1997)and the city of Fort McMurray (1991 population: 34,706; C.h_a_mbe_rs 1996). Epil_ith_ic‘and 

plan_ktonic chlorophyll a and water quality were monitored in the Athabasca River and its tributaries 

from 1984 to 1989 and in 1992 and 1994 by Alberta Environmental Protection, and in 1990 through 

1995 by independent consultants (TAEM 1991 a‘, 1991b and 1 992»; Sentar 1994 and 1995).



The Peace River arises in British Columb_ia and enters Alberta east of Fort St. John, BC. flowing 

east and north across the province through the town of Peace River (1994 populat_i_on: 6,696; CAD 
1997) and Wood Buffa_lo National Park_. The _river converges with the Athabasca River to fo_rm the 
Peace-Athabasca delta on the west end of Lake Athabasca. Flow exits Lake Atha_basc‘a via the 

Slave River, which is the largest river in Alberta and drains north into the Northwest Territories. The 

Wapiti River flows throughythe city of Grande Prairie (1 9941 population: 29,242; CAD 1997) and is 
a tributary of the Smoky River that drains into the Peace River at the town of Peace River. Much 

of the Peace River drainage basin lies within the boreal mixedwood ecoregion in Alberta. The 

Peace River is regulated in British Columbia by the W.A.C. Bennett Darn (Mitchell and Prepas 

1990). Water quality and algalabundance in the Peace, Wapiti and Smoky rivers were monitored 

in 1988, 1989 and 1991 by Alberta Environmental Protection and in 1990 and 1991 by independent 

consultants (T AEM 1991c); 

2.2 Data Assembly and Manipulation 

Planktonic and epilithic chlorophyll a and water quality data were retrieved" from the Alberta 

Environmental Protection (AEP) surface water quality electronic database (Edmonton, AB) for the 

Milk, Oldman. Bow, Highwood, Sheep, Elbow, Red Deer, South Saskatchewan, North 

Saskatchewan, Athabasca, Peace, Wapiti and Smoky rivers and some of their tributaries. 

Chlorophyll a was not always sampled during routine water quality analyses»; the water quality data 

used in this study was therefore limited to all sampling dates for any year in which chlorophyll a was 

sampled by AEP. Thus, our examination of tr'end,s in water quality is only for those years in which 

chlorophyll a was sampled. 

Epilithic chlorophyll a, nutrient and non—filterab|e residue data from 1980 to 1988 for the Milk-, 

‘Oldman, Bow, Highwood, South Saskatchewan, Red Deer, North Saskatchewan, and Athabasca 

rivers are reported i_n Yonge (1988). Athabasjca River data from 1980 to 1985 and 1990 to 1993 can

8



be-found‘ in Hamilto_n etal. (1985) and Noton and Saffran (1995), respectively. Peace, Wapiti and 

Smoky River data from‘ 1988 and 1989 are reported in Shaw et al. (1990) and from 1987 to1991 

in Noton (1992), Cross et al. (1986) compiled nutrient and water chemistry data in a report on the 

Iimnological characteristics of the Bow, Oldman and South Saskatchewan rivers-for 1979 to 1982. 

Sosiak (1990 and 1996) evaluated Bow River data from 1986 to1988 and 1994 to 1995. The AEP 

data were supplemented with chlorophyll a and nutrient data collected by independent consultants 

for the Athabasca and Wapiti rivers (Sentar1994 and 1995; TAEM 1991 a, 1991b, 1991 c, 1992, and 

1993) 

The influence of flow on chlorophyll-nutrient relationships wasinvestigated by combining the AEP 

water quality database with Envi_ro'n‘ment Qa_nada's“ HYDAT Surface Water and Sediment Database ’ 

(Version 4.95; Atmospheric Environment Service, Water Survey of Canada 1997). Water quality 

sampling stations were paired with discharge monitoring ‘stations on a 1:750,000 topographic map
A 

of Alberta. The majority of the water quality stations did not coincide with discharge monitoring 

stations along Alberta's rivers (Fig. 2). Thus, discharge at AEP stations was assumed to be the 

discharge measured at.the nearest upstream or downstream flow monitoring station providing there 

were no major tributaries (i.e., those present on a 1:750,000 topographic m_ap) entering the river 

between the two stations. In cases where one or more tributaries entered the river between 

discharge and water qualgity stations, the flow of these tributaries, when available, was added to the 

flow of the nearest upstream‘ or subtracted from the nearest downstream Environment Canada 

discharge station to give "an estimate of flow at the AEP station. When flow data were not available 

for the major tributaries, the flow at the AEP station was estimated without accounting for the 

influence of the. tributary flow and these sites were flagged in thedatabase. We retrieved 
innformation from the database on annual peak discharge for a single date-, annual average monthly ‘ 

I 

discharge and annual average discharge for each flow station investigated. We did not estimate 
annual peak discharge for sites that had flow estimates‘ derived from two or more Environment '
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Canada stations. Alberta Environment water quality sampling sites and their corresponding 

discharge stations are found in Appendi_x A.‘ 

Epilithic and planktonic chlorophyll a (epichla and phytchla. respectively)-concentrations wereused 

‘ 

to representibenthic and suspended alga_l biomass, respectively. Charlton et al. (1986) reported that 

algal gmaterialcollected from the water column of the Bow River (i.'e., planktonic c‘hl‘o'rophyll a) is‘ 

mainly scoured forms of benthic algae rather than true river phytoplankton and thus it is possible 

that concentrations ofplanktonic chlorophyll a used" in this stu_dy‘do notrepresent true river plankton. 

However, there was almost no relationship between planktonic and epi|it_hi'c chlorophyll a when 

_ examined across all rivers (I2 =. 0.04, n = 1755. linear regressionion lnatjransformed variables) 

suggesting that the river plankton is probably a_ community composed of sco_u‘red forms of benthic 

algae, phytoplankton washed in from connecting lakes and reservoirs, and true potarnoplankton. 

Because of the lack of relationship between benthic and suspended algal biomass,'we deemed that 

- a_n investigation of planktonic chlorophyll a separate from benthic chlorophyll may provide insight 

into patterns of algal growth in Alberta rivers. 

Phosphorus variables examined included total P (TP) and total dissolved P (T DP). lDissolve.d 

orthophosphate (DOP), also known as so|_uble reactive P (SRP), was seldom reported and 

consequently notincluded in our analysis‘. Nitrogen variables examined incl'ude‘d total Kjeldahl N 

(T KN), dissolved nitrite plus nitrate (NO2+NQ3). total ammonia (NH3tot),A and dissolved a_m’mo'ni_a 

l(NH3d_iss). NO2+NO._., and Nl-lsdiss were co'm_bi_n_ed to represent dissolved inorganic N (DIN) and 

NO2+NO3 and TKN were combined to represent total N (TN). Photosynthetically active radiation 

was not monitored at sampling stations, and we therefore examined the effect of surrogate 

variables for light availability. including nonfilterable residue (NFR) and tu__rbidity (T urb), on plant 

abundancein Alberta rivers. in some cases, analytical methods for a variable changed over time 

resulting in a change in the analytical limit of detection. We combined all values for a given 

variable, regardless of analysis method. to enable longer term analysis of trends, A complete list _
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ofvariables examined and their associated Alberta Environmental Protection Water Quality codes, 

analytical detection limits, reporting units, and analytical methods are found in Table» 1. 

The. data were condensed by calculating_ the mean of any variable for whichreplicates were 

reported on a given sampling day. In some instances, chlorophyll a and nutrient sampling did not 

take place on the same day, In these cases, chlorophyll a concentrations were paired with water 

quality concentrationscollected up to seven days before or after the date of chlorophyll sampling. 

To examine temporal patterns in the relationship between plant abundance and nutrient 

concentrations, the data were subdivided into seasons based upon the do_m_inan_t patterns in mean 

J 

monthly discharge and biologi_cal productivity in the rivers. Thus, April and May data were averaged 

to correspond to spring low flow periods and ti_mes of _potential algal accumulation. June,'July and 

August ‘were combined to correspond to periods of summer peak flows and high scour. September — 

and October were averaged to correspond to fall low flow periods and the approximate period of 

peak algal abundance in Alberta rivers. November through March of the following year were 

grouped to correspond to winter base flow. These divisioynsare approximately the same as those 

used in Anderson et al. (1998) in a provincial survey of the impacts of agriculture on surface water 

quality in Alberta. Mean annual hydrographs for sites along the river mainstems are shown in 

Appendix B. 

It is not uncommon that water quality databases contain values for variables that fall below 

analytical detection limits (Helsel 1990; Porter et al. 1988). These numbers are difficult to treat 

st_ati_st_ically and often are replaced with the value of the detection limit, one half this value, or zero. 

However, this introduces bias into the ‘data when estimating means and standard deviations for 

these numbers (G'i'll'iom et al. 1984; McBride and Smith 1997). A number of techniques have been 

recommended for dealing with values below detection limits. We used a computer program, 
Uncensor (Newman, Greene and Dixon 1995), to obtain "unbiased estimates of means for data sets

12
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Table-1«. Wateriquality variables assembled%from.A|berta Environmental Protection (AEP) water quality database. All similar AEP variables were
~ 

Epilithic 

_ 
chlorophyll a 

Planktonic 
chlorophyll a 

Total 
phosphorus 
.(TP) 

Total
n 

dissolved 
phosphorus 
(TDP)

0 

101-942 Chlorophyll 
a epilithon 

6721 Chlorophyll a
' 

iepllithon 

6722~Chlorophyll a 
epilithon. 

6715 Chlorophyll a 

6720 Chlorophyll a 
phytoplankton 

15405
_ 

Phosphorous total 
(P). 

15406 
Phosphorous total 
(P) 
'1 5421 
Phosphorous total 
(P) 
15422

_ 

Phosphorous total. 
(P)

' 

15102 
Phosphoroustotal 
dissolved 

mg. m" 

mg m'20 

mg m" 

mgm 
m-3 

mg I?‘ 

mg I" 

mg» l“ 

mg l'-‘ 

mg I" 

_3. 

0.001 

nla 

nla 

0.1 

0.001 

0.002 

0.002 

‘ 

0.006 

0.001 

0.002 

combined; into one variable for our analyses. Detection limit was not reported for all variables and is represented :asA:f“n_/._ 
‘" ' 

bl 

Known areas of individual rocks are scraped and filtered through a GF/C filter. Samples 
extracted in 90% acetone and frozen at -4 °C for 24 hours. Absorbancezdetenninedv 
spectrophometrically at 750, 665, 480, 430. and 410 nm. 
‘Entire rocks -are brushedvand rock area isdetermined by planimetry. Samples filtered 
through a Gelman A-‘E:filter_;.extracted in 90%-acetone and frozen at -4 °C for 24 hours. 
Chlorophyll determined by colorimetry following Lorenzen gmethod. 
Samples filteredithrough glass fibre filters. extracted for 20 hours in‘ methanol. Chlorophyll 
determined by fluorometry and ‘is uncorrected for phaeophytins. 
Sampl‘es«fi|tered»through 0.8 pm membrane filter and extractedfin.90% acetone-.. 

, 
Chlorophyll determined by fluorometry. 
Samples filtered through Gelman A—:E filter, extracted in 90% acetone and frozen at -4 °C 
for 24 hours, then centrifuged. Chlorophyll determined by colorimetry following Lorenzen 
method. 
‘H2804 &.K,S20,, added to unfiltered sample aliquot.. Aliquot boiled 90 minutes. 
Moybdenum blue colour determined‘ at 660 nm on an autoanalyzerfollowlng addition~of' 
ammonium molybdate and SNCIZ. ' 

H280, & K,‘S-20,,,added to. unfilteredi sample which isithen autoclaved 30 minutes at 121 
“C. Absorbance determined at 880 nm on an autoanalyzerfollowing addition of 
ammonium molybdate, ascorbic acid -and potassium antimonyl tartrate. 
Unfiltered sample is digested in a block digester during a 2-stage heading cycle following 
addition of H,S0., K2304 &fiHg0. TP is determined by an automated phosphomolybdate 
colorimetry using antimony followed by reduction with ascorbic; acid and read at 880 nm. 
Unfiltered -sampleis digested on a continuous digester at 300 °C following addition of 
HCIO. and H2804. Ammonium molybdate, potassium antimony -tartrate and hydrazine are 
then addedto sample and absorbance is determined on an autoanalyser at 880nm. 

. Sample is passedthrough a 0.45 pm membrane filter. H2804 & K2320, added to sample 
which is then autoclaved .30 minutes at 121 °C.. Absorbance determined at 880 nm on an 
autoanalyzerfollowing addition of ammonium molybdate. ascorbic acid and potassium 
antimonyl tartrate.
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Table 1 (continued) 

~ ~ 

Dissolved 
orthophospha 
.te (DOP) 

Dissolved 
inorganic 
phosphorus 
(DIP) 

15103 
Phosphorous total 
dissolved 

15105 
Phosphorous total 
dissolved 

1 511 3 
Phosphorous total 
dissolved 

1 51114- 
Phosphorous total 
dissolved 

15‘423- 
_

_ 

Phosphorous total 
dissolved 
15256 Phosphate 
dissolved ortho 

15266 Phosphate 
dissolved ortho 

1-5346 
Phosphorous 
dissolved inorganic 

15356 Phosphate 
dissolved inorganic 

mg I" 

mg l" 

mg I“ 

m9'|"- 

mg I" 

mg I" 

mg I" 

mg I‘‘’ 

-mg I“ 

0.003‘ 

0.04 

nla 

0.002 

0.002 ' 

0.003 

nla 

n/a 

0.002 

tautoanalyser at 880 nm. 
Sampleis passed through a 0.45 pm membrane filter. HZSO4 & K,S,O,, added to sample 

Sample is passed through a 0.45 pm membrane filter. rH2SO., & K,S,O, added to sample 
which is .then autoclaved 30 minutes at'121 °C. Absorbance. determined at 880 nm on an 
autoanalyzer following addition of ammonium molybdate, ascorbic-acid and potassium 
antimonyl tartrate. 
Sample is passed through a 0.45pm filter and digested on a continuous digester at 300 
°C following addition of HCIO. and- H2804. Ammoniummolybdate. potassium antimony 
tartrate and‘ hydrazine are then added to sample -andabsorbance is determined on an 

which is then autoclaved 30 minutes at 121 °C.‘ Absorbance-detennined at 880 nm on an 
autoanalyzer following. addition ofammonium molybdate, ascorbic acid, sulfuric acid and 
potassium antimonyl tartrate. —

‘ 

Sample is passed through a 0.45 pm filter and digested. on a continuous digester at 300 
°C followingaddition of HCIO4 and H,SO‘. Ammonium molybdate. potassium antimony 
tartrate and hydrazine are then added to sample and-«absorbance is determined on an 
autoanalyser at 880 nm. » 

Filtered sampleis digested in an autoclave in asulfuric acid-persulfate mixture. 
Ammonium molybdate, stannousichloride and hydrazine are added and absorbance 
determined at 660 nm on an autoanalyzer. 
Sample is passed through a 0.45 pm membrane filter; H-ZSO4 & K2S,Oa added to-sample 
which isythen autoclaved 30 minutes at 121 °C._ Absorbance determined at 880 nm on-an 
autoanalyzerfollowing addition of ammonium molybdate, ascorbic acid, sulfuric acid. and 
potassium antimonyl tartrate. 
Sample is passedthrough -a 0.45 pm membrane filter. H2804 & :K,S,O, added to sample 
which'is thenrautoclaved 30 minutes at 121 °C. Absorbance determined at 880 nm on an 
autoanalyzer following vadditionofl ammonium molybdate, ascorbicacid, sulfuric acid and 
potassium antimonyl tartrate. 
Sample is passed through a.0.»8 pm filter in the field. -H2SO,added to sample which is then. 
autoclaved 30 minutes at 121 °C. Absorbance determined at 880 nm on an-autoanalyzer 
following addition ofammonium molybdate, -ascorbic acid, sulfuric acid and potassium 

. antimonyl tartrate. 
H,SO4. added to filtered sample which is then autoclaved 30 minutes at 121 °C. 
Absorbance determined at 8801 nm. on an autoanalyzer following addition ofammonium 
molybdate, ascorbic acid, ‘sulfuric acid and potassium" antimonyl tartrate.
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Table 1 (continued) 

V 

Total Kjeldahl 7015 Nitrogen total 
nitrogen 
(TKN) 

‘Dissolved 
nitrate + 

’ 

nitrite 

(N03 + N02)
/ 

Ammonia. 
total (NH3tot) 

Ammonia, 
dissolved 
(NH,diss) 
Particulate 
nitrogen (PN)

4 

Kjeldahl (T KN) 

7021: .Nitrogen total 
Kjeldahl (TKN) 

7105 Nitrogen 
dissolved N03 & 
N02 

7110 Nitrogen 
ldissolved N03 & ‘ 

N02 
7111 Nitrogen 
dissoved N03 & N02 
7119 Nitrogen 
dissolved N03 & 
N02 
7505; Ammonia 
total 

7506 Ammonia 
total

V 

7562 Ammonia 
dissolved 

7902 Nitrogen 
particulate 

7904. Nitrogen 
particulate 

mg I“ 

my I" 

mg l'‘' 

'mg|"3 

mg.l“‘ 

mg I“ 

mg l?‘ 

mg ’I"‘ 

mg I" 7 

mg I" 

mg I“ 

005 

0:05 

0:003" 

0.005 

g 

0.002 

I 

0.01 

0.001 

0.05 

nla 

“ 0.002 

nla 

Sample is digested with H2304, -in the presence of K,S20,, or disodium EDTA. or 
dipotassium EDTA. Resultant NH'31is determined colorimetrically on an ;autoanalyzer with 
alkalinerphenol. :potassium sodium ltartrate and and sodium hypochlorite at 630 nm 
(Berthelot method). 

'

. 

Sample is digested with H2304, K280, and HgO catalyst in a block digester during a2- 
stage heating cycle (200 "C and 360°C). Organic N is convertedto. NH, which is 
determined colorimetrically onan autoanalyzer following the Berthelot reaction at:660-nm. 
Sample is ‘passed through a 0.45 pm membrane filter and reduced by Cd. Resulting 

. nitrite is determined colorimetrically with sulphanilicacid and 1-naphthylamine on an 
V 

autoanalyzer. '

’ 

Sample is passed through a 0.45 pm membrane filter and reduced by Cd. Resulting nitite 
is determined colorimetrically with sulphanilicacid and 1-naphthylamine on an 
autoanalyzer.

' 

Filtered sample is mixed with NH4Cl and passed through a column ofvamalgamated Cd 
filings. Sulphanilamide and n-1-naphtylethylenediamine.solutions are added to form an 
azo dye. The intensity of the dye is determined at 543 nm. 
Sample is field-filtered through a 0.8 pm glass fibre filter. Analysis is performed following 
method described under code 71 _10. 

Ammonia determined co|orimetr.ica_|ly on an autoanalyzerwith alkaline phenol, potassium 
sodium tartrate and sodium hypochlorite at 630 nm (Berthelot method). 
-Sample aliquotfis adjusted to pH 12 or greater using 10 M.NaOH. Ammoniaconcentration

' 

«read on an ion «selective electrode and correctedlto 25 “C. 
Sample filteredlthrough 0.45 pm filter. Resultant NH,,iis detennined colorimetrically on an 
autoanalyzer with alkaline phenol, potassium sodium 'tartrate»and' and sodium hypochlorite 
at 630 nm (Berthelot method).

A 

Sampled passed through pre-'ignited‘Whatman- GFIC filter. Residue is washedcwith diliutev 
H,SO4»to remove C052‘. Filter is- dried. combusteda at 905 °Cvand resultingl N2 is- measured‘ 
by thermal conductivity. » 

’

- 

Particulate nitrogen is given by: Total Nitrogen .- Dissolved Nitrogen



Table 1 (continued)

~ 7906 Nitrogen mg I“ 0.001 Sample passed _th_roughgpre-‘ignited Whatman GF/.C filter. Filteriis dried. put in a tin 
particulate total crucible. and introduced in a combustion tube (1050 °C). The oxidesof nitrogen are 

reduced to nitrogen which is measured by thennal conductivity on a CHN analyzer. 
Turbidity 2073 Turbidity JTU nla Light beam passed through the shaken sample on-a Hach.turbidimet'er. The light 

‘ scattered at 90 ° to the ‘beam-axis is measured by:photoelectric.cel|s. 
2074.Turbidity 'NTU nla Nephelometricmethodi using a HAC turbidimjeter. 

Nonfiiterable 10401 Residue mg I“ 10 s Samplealiquot is passed through a pres-ignited Whatman GF/C filter. Filter is then placed 
. residue nonflltrable . in a porcelain dish. oven-dried at- 105 °C for 2.5 hr. cooled 115 minutes in a desiccator and 
(NFR) ' ~ 

_ 

weighed. . 

10407 Residue mgl" 2 Sample is homogenized and passed through_.ai0.45' pm»filt'er. Filter is dried for 0.5 hr.at- 

nonfiltrable 105 °C-and weighed to constant weight.

9L
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where less than fifty percent of the cases were below the detection limit. When calculating means 

for replicates on a given day or means for seasons, we set the mean of" the group of data equal to _ 

the .limit of detection in cases. where greater than fifty percent of the data fell below the detection 

limit. For a few variables (i.e., NO2+NO3, NH3diss and NH3tot), improved analytical methods 

resulted in a change in the limit of detection" over time. However, multiple detection limits were 

never encountered within one season, and so we used the method described above to estimate 

seasonal means for all variables. In the analysis of instantaneous data (rather than seasonal‘ 

means), we replaced cases with values below detection limits with the value of the detection limit. 

2.3 Data Analysis 

Data were analysed with SPSS (1993). All variables were naturalylog (In) transformed to stabilize 

variance and normalize residuals. Temporal trends in chlorophyll a and nutrients in each n'ver were 

examined by com_bin,i.ng data for all sites along the river and testing the combined data for 

_ 
differences among ‘years with analysis of variance (ANOVA). Following a significant F - test. 

polynomial contrasts, where ANOVA treatmentsums of squares (inthis case. the sums of squares 

for the factor ‘years’) were partitioned into single degree of freedom orthogonal comparisons 

representing linear, quadratic, cubic and higher ordertrends, enabled us to determine the direction 

oftrends over time. The techniq'u'e of polynomiali contrasts is useful for detecting patterns between 

a dependent‘ and quantitative independent variable following a significant ANOVA (Keppel 1991; 

Sokal and Rohlf 1981). In this study, we used year as the independentvariablewhich allowed us 

to detect verygeneral temporal patterns in water quality over time. However, this technique does 

not consider problems of serial correlation among years which is inevitable in a data set such as 

the one with which we worked. Given that our intent was to study water chemistry aisit related to 

algal abundance and we therefore only examined water chemistry for years in which algae were 

sampled, the use of polynomial contrasts was suitable for dete_ctih‘g Very broad changes in water 

quality. More exhaustive studies of water quality trends in specific rivers can be found in Alberta

17



Environmental Protection reportsby Hamilton et al. (1981), Noton a_nd Saffran (1995), Noton (1992), 

Shaw et a_l. (1990), Cross et al. (1986) and Sosiak (1990 and 1996). 

_Longitud_inal trends in seasonal concentrations (spring, summer and fa_ll) of chlorophyll a and 

nutrients along the mainstem of major Alberta rivers were examined for the most recent sampling 

years that had relatively complete lo_ngitudinal nutrient and chlorophyll a profltes: the Bow River for — 

1993 to 1995; theoldman River for 1991 and 1992; the South Saskatchewan River for 1980, 1981 

and 1986; the Red Deer River for 1983 to1987; the North Saskatchewan River for 1985, 1986, and 

1988; and the Athabasca River for 1984. When several sites along.a river were sampled repeatedly 

for two or more years, we examined general longitudinal trends in the river with ANOVA followed 

by polynomial contrasts. As with the case of our temporal trend analyses, the technique of 

polynomial contrasts suffers from correlation ojfvspatial data. Thus, we interpreted only very general 

and highly significant trends from the analyses. We combined sites that were within three 
kilometres of each other-, providi_ng they did not cross an effluent outfall" or a tributary to the river. 

There were insufficient data available as part ‘of this review to evaluate longitudinal trends in the 

Elbow, Highwood, Sheep, Peace. or Milk rivers. 

Instantaneous and seasonal relationships between epilithic and planktonic chlorophyll a and nutrient 

concentrations and flow were explored with stepwise multiple regression. Variables were entered 

into regression models when P s 0.05 and removed when P 2_ 0.10. Chlorophyll a concentrations 

were In-transformed to normalize their d'ist‘ribution about the ‘independent variables. Water 

chemistry and flow variables were ln-transformed to meet the regression assumption of linearity. 

Dependency among nutrient and flow variables wastested by examining the Pearson correlation 

coefficients, and subsets of variables that were not highly correlated (coefficient s 0.60, also used 

by,Meeuwig.and Peters 1996) were entered separately i_nto multiple regression models. Correlation 

coefficients for instantaneous and seasonal databases can be found in Appendix C. Multiple 

regressions with the instantaneous data were used to identify the best relationships on a province-
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wide level (i.e., where all rivers are entered into the model), for major drainage basins [i.e., models 
' 

separated into the Peace-Athabasca drainage, Mi_ll_< River drainage, and Saskatchewan River 

drainage (including the North Saskatchewan, Red Deer, South Saskatchewan, Bow, Oldman, 

Elbow, Highwood and Sheep rivers)]. and for ind:ivi'dual rivers with sufficient data (the Bow and 

North Saskatchewanrivers). Multiple regressions "with the seasonal data were conducted on a
‘ 

provi_nce-wide level only. In the case of seasonal» analysis, chlorophyll a was examined in relation 

to nutrients and, flow measured during: (1) the season that chlorophyll a was sampled, and (2) the 

seasons preceding the chlorophyll a sampling (e.g. spring and summer chemistry for a fall 

chlorophyll a concentration). In addition, a_I_l the seasonaliaverages were combined into one data 

set and seasonal mean chlorophyll awas compared‘ to nutrients and flow measured during the 

season that chlorophyll a was sampled for all seasons simultaneously. Chlorophyll a was sampled 

infrequently during winter ‘months and consequently w'i_n_ter relationships to nutrients and flow were 

not examined. 

3.0 RESULTS_ 

Mean epilithic chlorophyll a ranged from 0_ to nea_rly 1000 mg _m" among all rivers in Alberta and 
H 

was highestin the Bow River (Table 2). Mean planktonic chlorophyll a _ranged from 0 to nearly 900 

mg m"’ in Alberta rivers and was highest in the Elbow River-. P concentrations in Alberta, rivers 

during years of chlorophyll a sampling ranged from analytical detection limits ($0.003 mgll") up to 

3.5 mg I" .TP in the Oldman River. "For the years iniwhichchlorophyll collections were made, the 

Peace and Bow rivers had highest mean TP and TDP concentrationsv, ‘respectively. Similarly, mean 

total and dissolved inorganic N concentrations were highest in the South Saskatchewan and Bow . 

Rivers, respectively, ahd instantaneous concentrations ranged from barely detectable levels in 

many rivers to greater than 15 mg l“.TN in the Athabasca River. The Peace River had the highest 

mean annual and concentrations NFR and turbidity among all rivers for the years 

investigated (Table 2). 
B 

B

B
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Table 2. Summary statistics of chlorophyllra, water chemistry and dischaitgefor the major Alberta riversinvestigated in this study for the years 
in which benthicor Ianktonic al al samplin took place “n/a" denotes data that were not collected for a particular river. 

~
~ 

Years of data 
'86-'87 '80-'81,-'8_4:- '80-'95 '88, '90-'95 '84-'86 '80-'81., '86 '83-988, '91. '83, '85-'86. '84-'89, '91, 08-989, '91 

'86, '90-'95 '95 -'88, '94 '93, '-95‘ 

Epichla (mg. m") ‘

. 

2:135 37510.78 75.214.8 -- 12814 523159 11119 29114.0 88017.1 65.815;7 35913.4 16513.5
_ 

min 0 0 ' 0 0.3 1.8 0 
1 

0 0' 0 0.6 

max 22.9 
‘ 

531 988 262 389 198 899 630 382 91.3 

n . 39 392 1081 112 2 117 79 342 254 318 54 
_

I 

Phytchla (mg m’‘‘) 
>'<:t1 SE 20.6:t8.2 10.3:t.1..3 24.1:t2.6 171:l:40 1.62:l:0.1‘3 1v5.9:i:3.1 -5.-5810.54 6;30:i:O.57 3.51:l:O;35 6.7.2:i:3.55 

8 min 0 0 0 2 0 -0.3 0 0 . 0 1 0.1 

max 2065 176 682 881 8.6 152 103 63.9 56 114.3 . 

n 39 385 839 26 147 87 - 435 298 242 
_ 

37 
T_P'(mgl-“) , 

-21135 0.06710.019 006110.008 005610.003 000810.001 0.04010.011 0.104'10.017 0.06110.007 0.09110.008 0.04010.004 0.13510.030 

min 0.003 0.003 
_ 

0.001 0.002 0.003 0.007 0.002 0.003 0.003 . 0.004 

max 0.650 3.50 1.50 - 0.062 1.25 0.920 1.65 1.65 0.900 0.780 

n .55 51.9 1.075 97 
A 

128 83 466 282 370 45 
TEDP (mg I")

5 

1-<1«1se 0.00710.001 0.02710.003 004210.003 0.00310.001 001410.007 _002810.006 0.01710.001 002710.003 002110.006" 0.01510003- 

min 0.003; 0.001- 0.001 0.001 60.003 
5’ 

0.003 0.001 0.002 
’ 

0.001 0-.002 

max 0.029- 0.590 1.40 0.007 0.040 0.340 0.150 0-.192 0.900 0.085 

n 55 503 1213 97 
_ 

.5 83 447 159. 232 45 
TN (mg I“) 

' 
'

‘ 

=>‘<:t:§l<SE 0.6-11:l:0'.08 0:46i0.02 O.-9.5d:0.03 0.23:l:0.01 0.46:t0.03 1..02:l:0.09 
V 

0..52:l:0~.02 0.62:t0.04 0;49."l:0.05 0.61 :l:0.07 

min 0.27 0.03 0.03 0.03 0.16 0:39 0.05 0.07 0.05 0.15



Table 2 (continued) 

max ‘ 4.1 4 7.81 0.98 244 2.88: 5.15 5.57 15.1. - 2.07 

n 55 A 452 713 97 97 
' 

40 470 2.70 .353 . 44 
DIN (mg 1-‘) _

. 

>-¢1se 0.077a:o.016 0.097i0.016~ 016210.045 0.087:I:0.011 nla 0.35710.079 0.107s:0.013 031110.031 :0.1;79:0.047 0.098':t0.035 

min - 0.013. 0.005 0.003 . 

‘ 

0.013 n/a 0.013 
' 

0.003 0.003 - 0.002 
V 

0013 
max 

V 

0.250 1.30 - 2.38 0.270 nla 
' 

1.1.0 1_.05 4.27 14.1 
_ 

0.333 
n - 27 1-29 180 40 nla 21 1 207 _ 

- 235 
_ 

343- 
'

8 
TKN (mg 1-‘). - 

2:155 05 - 
- 03950.02 0.451002 011710.01 0.38i0.02 0.68-.t‘0.08 0.452002 0.455003 03350.02 0.55-.t0.06 

N min 0.2 0 0 - 0 - 0.2 0.3 0.1 - 0.1 0.1 0.1 “ max 4' 1 
' 4’ 7.8 0.8 2.4 2.9‘ 5 5.3 12.6 2. 

n 55 465 . 715 .97 
’ 127 40 470 299 353 44 

N02"'N~O3 (m9"1) 
. 

V

' 

>‘<:l:1:SE v0.114:t0.030 006910.005 051610.014 0.066:!'.0.008 0.046:I:0.008 0.303:|:0.039‘ 0.076.-t0.006 0.1155:i:0.01‘1 015910.045 0.054:|:0.009 

min 
' 

0.003 0.001 0.001 0.002 ' 0.003 . 0.003 
, 
0.001 0.001 0.001 . 0.003 

max 1.17 0.900 ' 2.30 0.399 0.440 11.47 1.13 1.06 14.1 — 0.290 

n 55 519’ 1261 97 
, 

98 '83 471 270 354 44‘ 

NH3 (total) (mg I“) 
'

V 

>'d:1=sE‘ 0.021:t0.003 '0.031:!:0.002 0.181':t0;0f19 0.011':t0.001 0.028i0.004 009010.011 0.034:t0.005 0.061:t0.024 0.042':t0.009 0.034:t0:007 

min 0.010 0.002 0.004. 0.002 
' 

0.010 0.010 0.002 0.002 0.010 0.010 
max 0.070 0.440 15.0 . 0.030 0.300 0.500 1.00 

V 

1.40? 0.070 0.160 
- n 28 392 924 57 1733 

_ 

62 
7’ 
267 63 ' 6 ’ 39 

NH, (dissolved) (mg 1|") 
' 

‘ 
' 

- - 

. 
.

- 

>'d:1 SE f0.016:h0.003 0.039:I:0.00,6 0.1 3410.014‘ 0.015:!:0.002 nlav 0.081 10.018 0.-032:t0.004 0. 1 47:1:0.025 0.01 710.002 ,0.029:I:0,'007 

min 0.010 0.002" 0.001 0.004 nla 0.010 0.002’. 0.002 0.001 0.010’ 

max 0.070 0.530 0.930‘ 0051 :n/a 0.400 0.300 41.00 0.348 0.050



. V 

; 

I 
. . 

Table 2 (continued) 

n 27 129 ' 180 ' 

_ 

40 nla 21 207 236 343 
_

8 
.NFR (mg 1-‘) v 

.5‘d:1 SE '64.V1:!:22.»5 37.2:l:12.2 17.7:l:1..9 5.61:1 .4 6.43:i:1.03 124t37 163.6:t:14.9 27.8:t2.2 39‘.1:t5.6‘ 128:t38 
min 0.4 0.4 0.4 ‘0.4 0.4 0.8 0.4 - 0.4: 0.3 -0.4 

max o 1 100 5840 , 966 76.4 -68.8 1990 5285 251 966 15058 

n 55 517 668 72 96 83 467 298 35.1 42 
Turb (NTU) 

8 

;‘<:t1 SE 53.9121 8.4 18-.2:l:4.4 1_1.1:t1.1 4.2E!:1.3 »3.94:£0.74 66.31121 .5 211.5:!:3.3 13.5:!:1.5 13.1i1.6 ’74.1:t21~.6 

min» 0.6 0.1 02 0.3 0.4 1.2 0.1 6.7 0.1 1.4 

N max 670 ‘ 
' 2025 520 60 42 1660 800 125 .275 620 N n 55 501 703 " 

.72 -97 83 465 130‘ .288 36 
Mean annual discharge (m3 s“) ‘

. 

§:|:1 SE 14.5:t6.1 52.9:t4-.9‘ 84.412.-8 9.58:t0.85' 8.67:i:0.73 185:t8 34.4:}:1.7 16916 185:|:12 4111582 
min ‘ 1.48 0.37 2.9 2.91 5.63 141 16.4 47 0.9 100 
max 52.-5 136 185 1517 14.3 220 

_ 
, 66.9 283 

V 

» 599 1931. 

n 8 100 179 20 1'4 17 59 80 I166 
1

60
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3.1 Temporal trends in chlorophyll a and nutrients 

General temporal trends in epilithic and planktonic chlorophyll a, phosphorus (T P and TDP) and 

nitrogen (NO2+NQ3, total NH3, TKN) were examined for the Bow, Oldman, South Saskatchewan, 

Elbow. Highwood and Sheep, Red Deer, North Saskatchewan, and Athabasca river systems forthe 

years in which algae were collected, Temporal trends in the Milk and Peace, Wapitj and Smoky 

systems were not examined because these systems were not sampled for algal abundancein more 

than two years. 

In the Bow River, plant abundance and nutrients'v_ve_re sampled regularly from 1980 to 1995. 

Decreases in mean annual epilithic and planktonic chlorophyll a conce'nt‘rations_coincided with 

general declines in phosphorus (TP and TDP) and nitrogen (NO,+NO3, total NH3, TKN) 

concentrations (Fig. 3). Declines inepilithic chlorophyll a were dramatic, with mean values near 150 

mg 'm'2 in the early 1980s decreasing to concentrations near 50 mg m'2 in the 1990s. Declines in 

planktonic chlorophyll a were less obvious over time and variability about the mean appeared to 

increase after 1987. P conc'e_n_tration_s d_ropped in 1983 and remained low (< 0.05 mg If‘) throughout» 

the study period. Although NO,+N”O3 and TKN decreased significa'ntly (P < 0.001) over time, the 

declines were small compared to total NH3 which declined from mean concentrations near 0.3 mg 
I" in the early 1980's to concentrations less than 0.1 mg I" in the 1990's. 

Trends i_n water quality in the Elbow and Highwood-Sheep river systems, two systemst_h,at drain into 

the Bow River, were similar to those observed for the Bow (Fig. 4). However, these systems were
; 

sampled infrequently over the ‘period from 1980 to 1995, making’ it.d'iffi_cult to confidently detect
A 

trends. Mean annual epilithic chlorophyll a in both systems declined significantly and planktonic 

c_hl_orophy_l_l a declined in the Highwood and Sheep river system (P < 0.001). In the Highwood-Sheep
' 

system, TP and TKN also declined over the yeras in which chlorophyll a was measured _(1984 to 

1986), but NO2+NO3_ increased significantly over the same period. Ammonia in the Highwood- 
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Figure 3. Mean annual chlorophyll a and nutrient concentrationsin the Bow River. Curves fit 
through data are trends constructed from polynomial contrasts and are significant at P s 0.05. Data 
are mean :1: 1 SE for all sites and dates sampled along the river.
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Figu'r"e 4.— Mean annual chlorophyll a and nutrient concentrations in the Highwood-Sheep a_nd Elbow 
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Sheep system differed among years (P = 0.044) but a significant trend was not present. In the 

Elbow River, (water quality was sampled irregularly from 1988 to 1995 and significant declines in 

TDP were observed during the years that chlorophyll a was measured. However, NO,+NO3- 

increased significantly over the same period and a slight increase in TKN was also observed. 

Planktonic chlorophyll a and TP did not di_ffe_r among years in the Elbow (P 2 0.175). Total NH3 in. 

the Elbow differed for the three years it was sampled (1988, 1994 and 1995), but no trend was 

evident (Fig. 4). 

Epilithic chlorophyll a in the Oldman River increased significantly from 1980 to 1995, whereas 

planktonic chlorophyll a showed a general decline over the same period. TP and TDP also declined 

-significantly over this period and no trend could be discerned in N_O2+NO3 or TKN concentrations 
in the river. Total NH3 also declined from -198.0 to -1995 (Fig. 5). 

The South Saskatchewan River. which arises from the confluence of the Bow and Oldman rivers. 

was sampled for plant abundance in 1980, 1981 and 1986. Very few trends could be discerned 
‘ from the limited data available. There were declines in epilithic chlorophyll a and total NH, in the 

river over the sampling period, and TP concentrations differed among years with no discemable 

trend in the concentrations. Therewere no differences in p|a_n,kt_on_ic ch_|orophyl| a, TDP or NO2+NO3 
concentrations over time (P 20.169) (Fig. 6). 

The Red Deer River was sampled for plant abundance from 1983 to 1991, butonly weak trends 

were evident in the data (Fig. 7). Epilithic chlorophyll a, TP and TDP differed among years (P _<. 

0.023). There were significant positive quadratic trends in the data for these variables, indicating 

an initial decline followed by an increase in concentration toward the end of the sampling period. 

NO2~+NO3 also differed among years (P < 0.001) and a weak trend was evident suggesting that 

concentrations were d_ecli,ni_ng towards the end, of the sampling period. TKN concentrations were

26



225 
-2

) I 
FO% 

150 - 
Epilithic 

chl

a 
(mg 

m'3)' 

chl 

at 
(mg

m

- 

PM H to: 

Till»; I 1 Planktonic 

H-I 

ATP 

(mg 

I")-

O 

O 
N 

00 

o;0 I I I I I I J 
'

I 

‘ 1980 1982 1984 1986 "1998 1990 1992 1994 1996 

Year 

Figure 5. Mean annual chlorophyll a and nutrient concentrations in the Oldman River. Curves fit 
through data are trends constructed from polynomialcontrasts and are significant at P s 0.05. Data 
are mean :I: 1 SE for all sites and dates sampled along the river.
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different among years (P -‘=‘0.0:O3) but there was notrend in the pattern of change. Finally, NH, and 

planktonic chlorophyll 
8a concentrations did not differ among the years Sampled. 

Plant abundance and nutrients in the North Saskatchewan River were sampled in 1983, 1985, 1986 

and 1988 and all variables with the exception of planktonic chlorophyll a differed signi_fica_n_flY among 

years (P s 0.002). Epilithic chlorophyll a showed an initial decline in concentration followed by an 
I 

increase in 1988, as described by a quadratic trend in the data (Fig. 8). TP declined over the 

sampling period, whereas TDP increased over the sa_m_e period. NO2+NO3 also declined but ‘total 

NH3 increased from 1983 to 1988. TKNAde,cIined initially and then increased by 1988. 

Data for the Athabasca River and its tributaries were available from 1984 to 1993 and a_lthough’all 

variables except NVH3 (dissolved) differed among years (P s 0.001), significant trends in the data A 

could only be detected for epilithic chlorophyll a (a linear increase) and NO2+NO3 (a linear decrease) 

(Fig. 9). 

3.2 Longitudinal trends in plant abundance and nutrients 

Longitudinal trends in the Bow River were evaluated for the period 1993 to 1995. The influence of 

the City of Calgary sewage treatment plant (STP) on chlorophyll a and nutrients was most evident 

inthe spring (April and May) and fall (September and October) (Fig. 10). Epilithic chlorophyll a was 

low (s 100 mg m'2) upstre_am,of the STP, increased to 100 to 300 mg m'2irnme‘diately downstream 

and declined further downstream in all seasons. However. a significant difference among sites 

could not be detected in.the spring due to high va_riabi,lity, By comparison, planktonic chlorophyll 

a differed among sites for all seasons (P s 0.009). was highest in the spring, and ‘increased linearly 

along the length of the river’. P and N concentratiogngs showed similar trends to epilithic chlorophyll, 

with increasing concentrations immediately downstream of Calgary's STP followed by gradual 

declines further downstream. TDP and NH3 recovered to near upstream concentrations within
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a‘ppr'oxima'tely' 100 km of the STP, whereas TP, NO2+NO3 and TKN declined more gradually 

downstre_am of the STP towards the mouth of the river (Fig. 10). 

Longitud’inalVt'rends were evaluated in the Oldman River for 1991 and 1992, the most recent years 

in which a suite of stations along the river were sampled repeatedly throughout the year. However-, 

the stations sampled in these years for water chemistry and chlorophyll did not extend over the 

entire length of the river, and we ‘therefore couldyonly evaluate trends to approximately 215' km 

downstream of the headwaters, near WaIdon’s corner (Site ABO5AA_O050) (Fig. 11). There were 

no trends in either chlorophyll or nutrient variables and although it appeared that effluent from the 

City of Lethbridge STP resulted in increased P and epilithic chlorophyll a, there were insufficient 

data to detect a pattern (Fig. 11). 

Four sites in the South Saskatchewan River were sampled regularly during the early 1980s for
‘ 

chlorophyll a (1980, 1981 and 1986). Chlorophyll a and nutrients did not differ among sites along 

the length of the _river a_n_d no trends were detected a_mong these sites (Fig. 12). There was n_o 

apparent influence of the City of Medicine Hat on water quality in the South Saskatchewan River. 

Very few sites in the Red Deer River were sampled regularly for chlorophyll a for any consecutive 

length of time; consequently, it was difficult to evaluate statistically trends in water quality along the 

river. Data from 1983 to 1987 showed that epilithic and planktonic chlorophyll a increased 

immediately downstream of the City of Red Deer STP in spring, s,um'r'n’er and fall but recovered to 

upstream concentrations within lessthan 100 km. Nutrients did not appear to increase dramatically 

downstream of Red Deer. but there was a noticeable increase downstream of’ Drumheller after 

which there was no evidence of recovery to upstream conditions (Fig. 13)." 

Longitudinal trends in chlorophyll a in the North Saskatchewan Ri_ve_r were evaluatedvfor the period, 

1985, 1986 and 1988. Epilithic chlorophyll a increased downstream of Edmonton's STP«in summer
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and fall, whereas _plan_kton_ic chlorophyll a_ increased noticeably downstream of th_e.ScTP in the spring 

and summer (Fig._ 14), N and P increased downstream of the STP in all seasons and declined with 

distance beyond the STP. TDP and NH3 recovered to near upstream concentrations within 
approximately 150 km of the STP whereas TP, TKN and NO2+N_O3 recovered more gradual_ly with 
distance downstream of the city (Fig. 14). 

it was difficult to evaluate longitudinal trends in the Athabasca‘ River because only a few sites were 

monitored for chlorophyll a more than once over the entire study period. Localized surveys ofplant 

abundance and water quality were conducted in the river upstream and downstream of municipal 

and pulp mill effluents in the 1990's but these surveys do not provideenough information to make» 

generalizations about the status of the entire river. Thus, we examined data from a survey of the 

entire river conducted in 1984 and found that epilithic chlorophyll a was h_ighest_ in the f_al_l n_ear the 

towns of Hinton and Whitecourt, but was much lower in the. spring and su‘mn'*le'r (Fig. 15). 

Planl<tonic chlorophyll a tended to increase over the entire length of the river and was approximately 

the same concentration in all seasons. TP and TKN were highest ‘in the summer seasons and 

_ 

tended to i_ncrease along the length of the river. NO2+NO3 concentrations were highest in the‘ 

summer and fall seasons and tended to decline along the length of the river in 1984. Dissolved NH3 

concentrations were low along the length of the river and no trends were detected (Fig. 15). ‘ 

3.3 Relationship between plant abundance, nutrients and flow 

3.3.1 Instantaneous data - Province-wide relationships 

There was no single variable that was ideal in predicting either instantaneous epilithic or planktonic 

chlorophyll a concentrations on a province-wide scale. The combination of inorganic P (T DP) and 

N (dissolved NH; and NO2+NO3 or DIN) and a surrogate variable for light availability (NFR or Tu'rb) 

explained between 19 and 21% ofthe variability in epilithic chlorophyll a (Table 3). No greater than
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Table 3. Regression models predicting instantaneous epilithic and planktonic chl_o_rophyll at 

concentrations in relation to water quality and discharge for all Alberta rive,r’s._ Variables are l_ist_ed in 
order of importance in the models. Abbreviations defined in text. Variable unit's according to Table 2. 

' ' 
' ' 'f' t tP 00001~ 

~ 

~ ~ ~~ ~~ 921 
920 
920

~ Epichla 5.66 + 0.70(TDP) - 0.43(NH3dIss) - 0.30(Turb)b O.16(NO,+N0._,) 

Eqn 2‘ Epicma = 6.67 +~0.75(T'DP) - 0.36(NFR) - 0.30(DlN) .

~~ Eqn 4 Phytchla = 2.81 + 0.34(TP) + 0.-21(D|N) - 

Eqn 5 Phytchla = 2.38 + O.28(T P) +’ 0.39(TN) 0.14 1939 ‘ 

Eqn 6 Phytchla =‘2.12 + O.46(TKN) + _Q.AO_8(l_\j‘O2+NAQ3) + 0.10_(TDPV)+~0.07(NFR) 0.13 1997 

4.1



16% of the variability in planktonic chlorophyll a ‘was explained by c'ombi_nations of" P-, N and 

surrogates forirradiance (Table 3). Discharge was never asignificant, predictor of chlorophyll a for 

instantaneous samples. 

3.3.2 Instantaneous data - Drainage basin relationships 

Instantaneous relationships between nutrients and chlorophyll a_ were improved slightly when 

multiple regressions were run for each major drainage basin (Table 4). The combination of turbidity 

and TP explained 34% of the variability in epilithic cholorophyll ain the Peace-Athabasca drainage 

basin. The best predictors of epilithic chlorophyll a in the Saskatchewan River drainage basin, 

which includes the North Saskatchewan, Red Deer, Bow, Oldrnan. Highwood, Sheep. Elbow and 

. South Saskatchewan rivers, were TDP, DIN, NFR ‘and flow, explaining 23% of the variability in 

benthic algal biomass. There were no variables that could model epilithic chlorophyll a in the Milk 

river drainage, probably because of insufficient d_ata_. By comparison. 84% of the variability in 

planktonic chlorophyll a in the Milk,River was explained by flow, turbidity and dissolved NH3, but _th_is
' 

was based on a very small sample size (n .= 11) and probably is not reliable. Forty-nine ‘percent of 

the variability in planktonic chlorophyll a in the PeaceeAthabasca dra_in‘age basin was explained by 

TP; inorganic N (dissolved NH3 and NO2+NO3), and turbidity.’ The best predgictors of pI,ank’toni_c 

chlorophyll a in the Saskatchewan, River drainage were TP and DIN and these explained 17% of 

the variability (Table 4). 

We subdivided the Saskatchewan River drainage into northern and southern components, so that 
the North Basin consisted of the.Red Deer and Northsaskatchewan rivers a_nd the South Basin 

consisted of the Oldman, Bow, Elbow, Highwood, Sheep, and South Saskatchewan rivers. This 

. division further improved relationships between nutrients and epi|_i,t_hi‘c chlorophyll a, with the best 
'

' 

models explaining 41% of the variability i_n each basin (Table 4). Phytoplgahkton relationships were



Table 4. Regression models predicting instantaneous epilithic ’ and planktonic vchlorophyll 
a concentrations in relation to water quality and flow divided by drainage basin and individual river. 
Variables are l_isted in order of importance in the models. Abbreviations defined in text. Variable units 
according to Table 2. All variables are In-transformed. _All regressions are significant at P s 0.0041. ~~
~ 

Eqn 8 Phytchla
' 

~~~ Eqn 10 Eplchla — 5.96 + 0.7 (T ( )- 
Eqn 11 Phytchla =2.67 +‘ + o.26(T P) 0.17 648 
North Basins (Red Deer and North Saskatchewan Rivers)

V 

Eqn 12 Epich_la = 5.37 + 0.650‘ DP) - O.71(Turb) + 0.90(TKN) - 0.26(NO,1-N03) + 0.41 443 
0.46(FIow) - 

Eqn 13 Phytchla =1..1O .4-' 0.50(TN) + 0.19(Turb) 
V 

V 

0.18 . 556 
South Basins (OIdman, Bow, Elbow, Highwood, Sheep and South Saskatchewan Rivers)

' 

Eqn 14 Epichla5= 4.70 - 0.92(NH3diss) + 0.75(TDP) + 0.31(NO2+NO3) - 0.15(NFR) 0.41 314 
Eqn 15 Phytchla = 2.17 + 0.72(D|N) + 0.31(NFR) - O.;24(FIow) + 0.17(T DP) 0.40 227 
Bow River . 

H
B 

Eqn 16 Eplchla = 8.90 - 1.37(DlN) + 1.34(TDP) - 0.34(Tu’rb) 0.8_1 140 
Eqn 17 Phytchla = 0.744+ 1.28(DIN) + O.71(Turb) - 0.80(T'P) - 0_._47(F|ow) . 0.74 77 
North Saskatchewan River

' 

Eqn 18 Eplchla =«4.2'3 + 0.74(T DP) - O.4—1(NFR) + 0.64(F’_low‘) . 0.38 124 
Eqn 19 Phytchla = 0.26 + 1.53(T N) - 0.48(TDP) V _,g _ 

' 

0.43 130

43



only 'marg'inally im_proved, with 18 and 40% of the variabilityfexphlained in the Northiand‘ South 

Basins, respectively (T able 4). 
A I

I

\ 

When the Bow and North Saskatchewan rivers were examined individually, thelrelationships 

between chlorophyll a and nutrients reVm_a_i_ned comparable or were improved as compared to the 
’ 

broader drainage basin relationships. Improvements were most notable in the Bow river, where 

chlorophyll a was best explained by combinations of DIN, TP or TDP, turbidity, and flow (for 

P!an_kton_ic chlorophyll a) with 81 and 74% of the variability in epilithic and planktonic algal 

abundance explained, respectively. DIN was always the most important variable in the Bow River - 

models (Table 4). By comparison chlorophyll-nutrient relationships remained comparable to 

broader drainage basin relationships for the North Saskatchewan river, where TDP, NPR, and flow 
I 

explained 38% of the variability in periphyton and TN and TDP explained 43% of planktonic 

variability (Table 4). 

3.3.3 Seasonal data - Province-wide relationships 

With the exception of summer epilithic algal mass, mean chlorophyll a was best predicted by water 

quality measured during the season in which the algae were collected and ‘not by historical ti.e., 

preceding seasonal data) nutrient concentrations (T able'5). Spring water chemistry explained 36 

and 41% of the varia_bility in spri_ng benthic and planktonic chlorophyll a, respectively, but only up 

to 33%_of the variability in summer and fall chlorophyll a concentrations. Summer water chemistry 

explained 28 and 50% of the variability in summer epilithic and plankton_ic ch_lorophyll a, 

respectively, and no more than 31 and _41% of fall benthic and_ s,us'p’ended algal abundance. 

Mea.nwh,i_le»,- fall water chemistry exp|ainedi35 and 49% of the fall benthic and planktonic chlorophyll 

a_ variability (Table 5). .



Table 5. Regression statistics (I2, n)«and model variables from best (i.e.,- highest I2) regression models 
for each combination of seasonal (i.e., spring, su_m_mer and fall) chlorophyll a and water chemistry. 
Variables are listed in order of importance in the models. Discharge subscript denotes the type of flow 
(annual maximum = max). All other abbrevi_a_ti_ojns defined in text. Variable units according to Table 2,~ 
All variables are In-transformed. All regressions are. significant at P s 0.0001 ., 

~ 

~ ~ ~ ~ 

~ ~ 
Spring 0.36 23200‘ TDP,NO2+NO3. 

.NFR, Flow 
Summer 0.33 253 TDP,NO,+NO,,. 0.28 308 TDP,NFl3,_ 

Flowm TN_.(c/>jrTKN) 

Fall‘ 0.33 .255 TDP.NO2+NO3,~ 0.31 159 NH,diss, 0.35 286 NO,+NO3. 
NFR NFR T P Turb.TP

~ 
Spring 0.41 206 TN, Flow .

A 

Summer 0.25 193 TN, Flow 0.50 243 TN.TP 
Fall » 0.26 207 TDP.Flow,,,,,,, 0.41 216‘ TN,TDP 0.49 207 __TP.F|ow,,,_,, 

. ._._..IUrb. 
‘ N02tNOa. NFR
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When all the seasonal mean data for algal biomass, water chemistry and discharge were pooled 

into one data set, the best models explained 33 to 36% of the variability in seasonal epilithic 

chlorophyll a and 23 to 50 % of the va_ria_bi_lity in seasonal planktonic chlorophyll a (Table 6). 
Although the best predictors of chlorophyll a varied among models, a form of P and 'N occurred in 

all models with the exception of the best spring planktonic chlorophyll a model where P was not a 

significant predictor (Equation 28, Table 6). The importance of either discharge or irradiance in the 

models differed amonglseasons such that epilithic chlorophyll a in spring and su_mmer was 

dependent on flow whereas irradiance was important in spring and fall. Planktonic chlorophyll 

a was dependent on flow in all seasons; irradiance was only an important predictor in the fall model 

(Table 6),; When the entire seasonal database was combined for all rivers and not divided 

according to season, the co_m_binat_ion, ofTDP, NFR, NO2+NO3 and either TKN or dissolved NH3 best 

modelled benthic algal abundance (0530 s (2 5 0.31). By comparison, TN, TDP'and mean annual 

flow were the best predictors of planktonic algal abu_ndance,-- explai_ning42% of the variability (Table 

6). 

4.0 DISCUSSION 

Results from this investigation showed that nutrient and chlorop_hy|l a concentrations in A|berta’s 

major mountain-fed. rivers fell within expected ranges for similar systems across North America and 

abroad. Thus, the range of mean TP.concentr_ations in Alberta rivers (0.008=O.135 mg I"; Table 2) 

was similar, although at the low end ofthe P range, to other large North American rivers (0.01-0.2.0 

mg I" P0,,-P, which can be expected to be much less than TP; UNE_P 1995). Similarly, mean 

Nt),+NO;, concentrations in Alberta rivers (0.046=O.516 mg I7‘; Table 2) fell within the lower half of 

the concentration range _observed in North American rivers (0.03=1..06 N03-N; UNEP 1995). 

Moreover, ben_thic chlorophyll at concentrations in Alberta rivers were within the mid-range of . 

seasonal mean concentratioins for more than 200 temperate streams in North America and New 

Zealand (lbodds et al. 1998). l
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Table 6, Regression models predicting mean seasonal (spring, summergfall and all seasons comb_ine'd)_ 
epi_lithic and" planktonic chlorophyll a concentrations in relation to water quality and discharge for all 
Alberta rivers. Variables-are listed in order of importance in the models. Variable subscripts denote the 
seasonof collection (spring = sp, summer =—su, fall = fa) orthe type of'flow (afnjnuajl mean = a_nn, annual 
maximum = max). All other abbreviations defined in text. Variable units according to Table 2. All

‘ 

yariables are In-transfonned All r ressions are si nificant at P s 0 0001~
~ 

Spnng V

~ 

Eqn 20 Epich_l,a,~,’= 8.27 +_0.31('NO2+NO3)sp + 0.54(TDP),p - 0.27(NFR),p - 0.18(F|ow),,, 0.36 232 
Eqn 21 E|§iCh_|a,p = 7.78_ + 0.50(TDP),p + 0.31 (NO,+NO3),p -‘0.22(Turb),,, - 0.18(Flow),, 0.35 227 
Summer 

1

. 

Eqn 22 1 Epichlaw = 7.81 + 0.57(TDP),,, + 0.22(NO,-|rNO3),p - 0.21(F|ow),,,,,, ‘ 

0,33 253 
‘ Eqn 23 Epichlaw = 7.31 + 0.57(TDP),p + 0.21 (NO2+NO3),p - 0.18(F|ow),,, 0.32 279 
Fall 

Eqn 24 Epichlah, = 7.47 + 0.23(NQ;+NO3),,, - 0.54(Turb),, + 0.53(TP)_,, 0.35 286 
Eqn 25 Epichlag, = 7.06 4- 0.2.1 (NO2+NO3),a + 0.42(TDP),_ - 0.35(Tu_rb),, 0.34 286 
All seasons 

A 

' 

_ 

'

' 

Eqn 26 Epichla = 8.03 + 0500' DP) - 0.48(NFR) + 0.21(NO2-l:NO3) + 0.28(T KN) - 

I 

0.31 873 
5°!" 27 EP‘°“'a = 3 5 * ° WP? .‘?-..".5_(_.'f‘.'.‘.".'9..“.9-.17(N.92f.N9a). .‘.‘...‘.’.-1.‘.5.'.(..'T‘.i1=a.‘.‘.‘§.~°.*.) 

$Pl7.n9 
Eqn 28 Phytchla,, = 1.55 + 0.86(TN)sp + 0.09(Flow),,, A 0.41 206 
Eqn 29 Phytcl'1_7la,.p-; 2.72 + 0.36(TP),p + 0.11(NO,+NO,)s,, 0.23 222 
summer 
Eqn 30 Phytchlaw = 2.70 + 0.78(TN),u + 0;31(TP),,, _ 

0.50 243 
Eqn 31 Phytchlaw = 1.99 + 0.79(TKN)su + 0.14(Flow),m '+ 0.15(TDP),,, 0.46 249 
Fall“ - 

_

. 

Eqn 32 Phytchla,, = 4.95 + 0.66(TP),, -»0.23(F|ow),,,,x + O.08(NO2+NO3),, - 0.09(NFR),, 0.49 207 
Eqn 33 Phytchlah = 4.45 + 0.58(TP),, - 0.22(Flow),,,,,, + O.09(NO,+NO3),, 0.48 207 
All seasons 

2

4 

Eqn, 34 Phytchla = 2.06 + 0.78('l' N) + 0.18(TDP) + 0.09(Flow)_,,,, h 

0.42 678 
Eqn 35 Phytchla .=.-2.52 + 0.79(T N) + 0.20(T DP) . 

9 0.41_ 678 _.
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Chlorop_hyl| a and associated nutrient concentrations have shown modest increases in some Alberta 

rivers over the last two decades, whereas declines in concentrations are notable in other rivers. The 

Bow River witn_es'sed the most dramatic decline in nutrient concentrations following upgrades to 

Calgary's sewage treatment plant in 1982 and further upgrades in the late 1980's and early 1990's 

(Fig. 3). Improvements in water quality in the Bow River since the early 1980's have been 

accompanied by more gradual declines in periphyton abundance, The slow decline in periphyton 

chlorophyll a as compared to P probably reflects more efficient P"-uptake and cycling by the biota 

in the river, as well as gradual P-release from bottom sediments, creating a lag in response of the 

primary producers to nutrient reductions. This process may also explain the apparent contradictory 

trends ‘observed in the Oldman (Fig. 5) and Athabasca (Fig. 9) rivers, where gradual declines in TP, 

TDP and NH3 (Oldman) and NO2+NO3 (Athabasca) were accompanied by gradual increases in 

benthic chlorophyll a from 1980 to 1995. The Highwood-Sheep and Elbow rive_r systems (Fig. ‘4) 

and the South Saskatchewan 
A 

River (Fig. 5), although sampled infrequently, showed a more 

predictable response whereby declines in nutrient concentrations were accompanied by declines 

in chlorophyll a. Weak trends i_n chlorophyll a and nutrients were detected in the Red Deer (Fig. 7) 

and North Saskatchewan (Fig. 8) rivers with the general pattern being declines in the earlier years 

‘ of sampling followed by slow increases in concentrations in later years. 

Lo_ngitudinal_ trends along Alberta's major rivers show the impact of cities on nutrient concentrations 

and algal abundance in spring, summer and fall (Figs. 10-15). The general trend obsenled across 

the province was of increased periphyton abundance and nutrient concentrations i_m_media_tely 

downstream of a city or town (Calgary in the Bow River: Fig. 10; Lethbridge in the Oldman River". 

Fig. 11; Medicine Hat in the South Saskatchewan River Fig“. 12; Red_ Deer i_n the Red Deer River
A 

‘Fig. 13; Edmonton in the North Saskatchewan Riyer: Fig, 14; and Hinton in the Athabasca River. 

Fig. 15) followed by returns to near upstream conditions some distance beyond" the municipality. 

Planktonic chlorophyll a in the Bow, North Saskatchewan and Athabasca rivers tended to increase 

linearly downstream of municipal sewage outfalls with no return to upstream conditions. These
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trends were most evident in the spring and fall across the province, when discharges were low 

compared to summer values. Although it is not clear that the planktonic chlorophyll a investigated 

in this study represents true river plankton (Charlton et al. 1986), the linear increase in planktonic 

chlo_rophy|l a with increasing distance downstream in some Alberta rivers is consistent with 

predictions from the River-Continuum Concept that instream plankton will develop with increasing 

river size (Vannote et al. 1980). Moreve_r, the fact that there was almost no relationship between 

_ 

epilithi‘c' and planktonic chlorophyll a in this study (I2 = 0.04, n = 1755, linear regression on In- 

transformed variables) sug'g‘e/sts that the planktonic algae represents, for the most p_a__rt. a 

community unto itself that could be composed of either true river plankton or phytoplankton washed 

in from connecting lakes and reservoirs. Either way, planktonic chlorophyll a is independent of the 

periphyton. 

The multiple regression models for algal abundance based on nutrients, flow, and surrogates for 

light urbidity and NF R) revealed that instantaneous water chemistry sarriples weregerierally poor 

predictors of benthic and planktonic chlorophyll a for all Alberta rivers (Table 3). However. the 

relationships were slightly improved when the data were subdivided according to major drainage 

basins within the province, with 23 to 34% of the variability in benthic chlorophyll a explained by 

instantaneous samples of nutrients and indicators of |_ight availability on a drainage-basin scale 

(Table 4). In the case of the Saskatchewan River drainage basin, relationships were further 

improved when the data were divided into North and South basins such that "water chemistry 

predicted up to 41% of the epilithic and planktonic chlorophyll a in each basin (T able 4). The high 

predictability of instantaneous algal abundance based on water quality in the Bow River (0.74 s I2 

s 0.81; Table 4) is unusual given that other rivers did not display» similar patterns and may reflect 

the fact that water quality in the Bow River has undergone dramatic changes in P and N 

concentrations over the past 15 years, thus providing a broader range of water quality conditions 

for modelling (Fig. 3). In general, the most important predictors of benthic chlorophyll a based on _ 

instantaneous water chemistry were phosphorus (usually TDP), a light variable (turbidity or NFR),
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followed by a form of inorganic N. By comparison, instantaneous DIN or TN was usually the most 

important predictor of pla_nkto_nic chlorophyll a, followed. by some combination of P and light 

variables (Tables 3 and 4). 

The predictability‘ of seasonal mean concentrations of" benthic and plan_kton,ic chlorophyll a based 

on water quality for all Alberta ‘rivers was equal to or better than the instaentaneous relati,onsh,i.ps 

developed for each major drainage basin (Table 6). This.is not surprising given that seasonal mean 

concentrations are more likely to better reflect average growing conditions in a fiver and will not be 

as sensitive to the large fluctuations in water chemistry and flow that may be observed on any given 

sampling day. Whereas all seasons were approximately similar in—te_rm_s of their benthic chlorophyll 

a predictability (0.28 s I2 5 0.36),.'planktorlic chlofrophyll a was best‘-predicted in sun'_1merand, fall, 

and least well-predicted in the spring (Table Thisis probably because benthic chlorophyll a was 

higher and morevariable in summer and fall in most Alberta rivers whereas planktonic biomass was 

less variable in these seasons than in the spring (Figs. 10 -15). When the seasonal data were 

combined and algal abundance was modelled agai_nst mean water chemistry from the season in 

which itwas sampled, the predictability dropped slightly compared to models for specific seasons. 

However, this drop in predictability is offset by an increasein sample size for the models giving 

equal confidence tothe individual and combined seasonal models (Table 6). 

Total dissolved phosphorus and NO2+NO3 concentrations were the two most important,.pred_ict_ors 

of epilithic chlorophyll a in spring, summer a_nd fall models, This suggests that benthic algae are 

co-limited by N and P and that the importance of (N vs P variesover the year and may be related 

to instream N to P ratios, as observed by Chessman et al. (1992); Moreover, the availability of light 

to benthic algae, expressed as tu_rbidjty or NFR concentration, was important in predicting epilithic 

chlorophyll a in spring and fall models and for all seasons combined (Table 6), indicating that 

periphyton in A_lberta rivers is light-limited to some extent for most of the year. Discharge was also 

an important predictor of biomass in the spring and summe_r-, reflecting the high flows typical of
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theseseas‘ons_compared to fall (refer to Appendix B for annual hydrographs for sites along each 

river). 

-Seasonal mean planktonic chlorophyll a was better modelled by water column nutrients than 

epilithic chlorophyll a with approximately 10% more variability explained by similar combinations of 

variables (Table 6). Light variables were almost never importantin the planktonic models, indicating 

that suspended algae a_re not light,-limited in Alberta rivers. ‘The most important predictors of. 

planktonic biomass, then, were a form of N (TN, NO_2+NO3, or TKN) a_nd a form of'P (T P or TDP). 

The relative importance of N to P varied with season, as it did with the periphyton data. Flow was 
alsofan important predictor of planktonic biomass but "its relationship to abundance was not

’ 

consistent. That is, suspended algae in the spring, summer and in all seasons combined were 

positively related to flow, whereas a negative relationship was present in the fall data. 

Our models as well as those of others show that nutrients are only moderately successful at 

predicting periphyton biomass. The pattern observed in this study, where nutrients arebetter 

predictors of suspended a_lga_l abundance than of benthic algal abundance, is consistent with results 

from other studies (Tables 6, 7). In contrast, open-water P and N conce,ntration‘s are excellent 

predictors of phytoplankton biomass lakes, with surveys of Florida, North _,American and U:.;S. 

lakes reporting 70 to 95% of the variability in phytoplankton biomass explained byP and N (Dillon 

and Rigler 1974, Canfield 1983, Soballe and Kimmel 1987). The poorer relationships for 

periphyton, as compared to phytoplankton, inlotic systems may be due to the higher concentrations 

of particulate matter that are typically found in flowing waters and that vary with discharge, Another 

confounding factor is that heterotrophic organisms in benthic biofilms will also have a nutrient 

demand. Studies relating nutrient concentrations to periphyton abundance have shown that TP 

. concentrations of 0.10 to 0.20 mg I" correspond to about 450 mg m‘? benthic ch_lorophy|_l a in situ 

(Lohman et al. 1992; Dodds et al. 1997) whereas TP_concentrations of only 0.02 to 0.05" mg I" will 

yield about 450 mg m'2 in artificial streams (Horner et al. 1983, Horner et al. 1990, Walton et al.
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Table 7. Empirical models predicting biom 
Abbreviations defined in text 1

~ 

ass of benthic and planktonic chlorophyll a (Chla) in rivers worldwide reported in scientific‘ literature. 

1.0 streams in Denmark 
9 streams In New Zealand 

12 streams in Missouri

0 

205 North American‘ and 
New‘Ze'a|and streams- 

Athabasca, Wapiti and 
Smoky Rivers 

9.9 .5?Fi9..#°f“°fa“‘§. 
~

~ 
Mlssoun streams 

Rideau R., Ontario 
31 Eastern Canada rivers 
Temperate streams 

~ ~ Chla“, 929(SRP)/(49.2‘+ SRP) mg m?’ pg I“ 
Chla o< TP 

_ 

mg m-‘2 pg I“. 
Chia o< TDP mg 111-2 pg I" 
‘Chla « NH3 

1 

mg m" pg I“ 
Chla = 76.9log(TN) - -155.3 (1985) 

' 

mg m’2 pg 1-‘ 
-Chla = 69.3|'og(TN)-1116.7 (1986) mg m-'2 pg r‘ 
Chla 1= 39.9iog(TP) - 18.1 (1935) mgm’: pg 1-‘ 

Chla== 41 .1-|og(TP) -4.1 (1986) mg m-2 pg 1-‘ 

|og(ChIa),,,,,,, = 2.83|og(T N) - mg m"' pg .|" 
0.43|og(TN)2 + 0.25log(TP) - 3.22

‘ 

|og(Ch|a),,,,, = 2..79iog(TN) - mg m" pg .1" 
'0.43|og(TN)2+ 0.31log(TP) - 2.70 
Chla-= 0.809(SRP) + 0.005(D|N) zpg cm" pg 1“ 
+ 3.395 (early fall’ 1994) - 

Chla = 0.256(SRP) + 0.1.0(D|N) :pg cm" pg I“ 
+ 10.38 (‘late fall 1994') 

.. » 

‘O 
~~~ ~~ ~~~ ~

~ log(Chla) — 0.1 +-0.39iog(TP=) + 
0.34log(TN) 
|og(Ch|a) = 0.84log(T P) - 0.42 pg I" pg I" 

Iog(Ch|a) = -0.26 + 0.73log(TP) pg I" 
' 

pg I" 

iog(Ch|a) = 1.99log(TP») - 0.28log(TP)’ - mg m“‘ mg m"’ 
1.65 A 

mgm mgm 

0.61 
0.55 
0.53 
0.52 
0.58 
0.60 
0.47 
0.60 
0.43 

A 

0.35 

0.38 

0.57 

0.16 
0.76 
0.67 

22 
22 
205 

205 

36 
31 

A 

292

~ <0.001~ 
< 0.05 
< 0.05 
< 0.05 
s 0.001 
3 0.001 
s 0.001 
5 0.001 
< 0.01 

< 0.05 

< 0.001 

_ 

< 0.0001 

<0 01 

0.016 
< 0.001‘ 
< 0.01 

~~~ 
Kjeldsen 1-994 
?Biggs & Close 1989 0 

Lohman et al. 1992 

Dodds etal. 1997 

Scrimgeour & Chambers 19960 

Basu & Pick 1995 
Basu & Pick 1997 
Van Nieuwenhuyse &Jones 
1996



1995). This greater b_iomass per unit P in artificial streams may be due to the presence of less 

detritus (due to filtered water supplies, shorter water residence times, constant velocities) and, thus, 

a greater availability of nutrients to the periphyton rather‘ than to heterotrophic organisms. In 

addition to detritfal uptake, nutrient cycling by biofi_lms may also obscure nutrient - periphyton 

relationships. This cycling or “n_utrie,nt spiraili_ng” entails the biotic uptake of N and P, their release 

as a result of tissue decomposition, and their subsequent re-uptake by organisms further 

downstream (Newbold et al. 1981, Paul and Duthie 1989, Mulholland et ai. 1990). The potential for 

nutrient spiralling to obscure nutrient - biomass relationships is evident from studies showing that 

nutrient cycling intensifies as periphyton biomass increases (e.g., Mulholland et al. 1994, Peterson 

and Grimm 1992) and as nutrient limitation becomes more severe (e.g., Paul and Duthie 1989). 

Thus, nutrient - periphyton relationships appear inherently less predictable than nutrient - 

phytoplankton relationships. 

Phosphorus is generally considered to be the pri_ncipa_l limiting nutrient in freshwater systems 

worldwide and as a result it has often been the only variable examined in empirical m_od_el_s of algal 

growth and nutrient concentrations. However, this study and those by Dodds et al. (1997), 

Chessman et al. (1992), a_nd Lohma_n et al. (1992) indicate that N is also an important limiting 

nutrient in river ecosystems and should not be overlooked when considering nutrient-biomass 

relationships. Thus, although many studies have not examined the importance of nitrogen in 

empirical models (and this is particularly true for lakes), the results of this investigation are 

consistent with other studies on rivers that showed that nitrogen is equal to or more important than 

phosphorus in the prediction of chlorophyll a in rivers.. However, our models are unique in that they 

, 
include light and flow in addition to nutrients as significant predictors of algal abundance. The 

predictability of‘ our models for both benthic and planktonic chlorophyll a falls near the midpoint of 

the range reported in other studies (Table 7).
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4.1 Development of nutrient guidelines 

The development of a nutrient guideline (be it based on nutrient concentrations or the response of 

nutrient-"sensitive biota) "must consider ecosystem responses (e.g., cha_nges in a_bunda'n,ce and 

taxonomic composition of appropriate assemblages"), impacts on human use of the resource (e. g., 

aesthetics, recreation, fisheries, water supply, etc.), and achievability (asrelated to background" or 

reference water quality). This report considers ecosystem responses (i. e: , ‘relationships between 

nutrient concentrations and algal abundance) and achievability as it relates to reference conditions 

(i;e.. sites upstream of major point source or agricultural inputs) for Alberta rivers. No attempt‘ has 

been made to quantify or incorporate user-perceived impairment, In Alberta rivers, a management 

issue with respect to eutrophication in rivers and algal growth is excessive growth of peri'ph'yton. 

Potamoplankton‘ (suspended algae) biomass is typically low (Table 2) and not a management issue. 

V 

Excessive macrophyte growth is also an important issue the eutrophic rivers ofsouthern Alberta, 

where macrophytes have clogged intake pipes, affected dissolved oxygen and impaired ‘aesthetics, 

The remainder of our analysis _focuses on periphyton, where the first task in setting a guideline is 

to determine the boundary between acceptable and unacceptable periphyton abundance. . 

Abundances of periphyton that are unacceptable from the perspective of aest_h_etics'/recreation or 

protection of aquatic life have been proposed by several investigators or agencies (T able 8). These 

recommendations are typically based on periphyton biomass expressed as chlorophyll a 

concentration and range from 50 to 150 mg m'2. The British Columbia Ministry of Environment, 

Lands and Parks has pe__riph'yton‘ chlorophyll a criteria of 50 mg m" forthe protection of aesthetics" 

and recreation and 100 mg m* for the protectionof aqiuatic lif_e (particularly for streams containing 
salmonids) (Nordin 1985). Welch and Dodds (pers. comm.) provided to the US EPA a definition 

of nuisa_n_ce.periphyton as seasonal mean values exceeding 100 mg m" chlorophyll a and seasonal 

maximum values exceeding 150 mg m‘2 chlorophyll a, based upon an extensive literature review 

of nutrient-periphyton relationships (Dodds et al. 1997). The New Zea|and,Ministry of Envi_ronment
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Table 8. Suggested‘ values for u,n_acce‘ptable benthic algal abundance for recreational / aesthetic uses 
or protection of aquatic li_fe. “chla” and “AFDW” denote c_h|o‘rophyll a concentration a_nd ash-free dry 
weight, res ectively:

’~
~ 

When all stones covered by algal filaments Thomas 1978 

New Zealand streams ,> 40% maximum cover andlor > 100 mg m'2 chla New Zealand 
(provisional g'uidelin_e) and/or 40 mg m'2 AFDW by periphyton as Ministry of 

_ g I 

filamentous growths or mats (> ca. 3 mm t_hi_ck) Environment 1992 
(recreation) 

USA streams > 150 mg m” chla maximum Dodds et al. 1997 
(proposed guidelines) 

British Columbia streams > 50 mg m" (recreation) Nordin 1985 
(guideline) > 100 mg m" (aquatic life) 
Streams in Washington, 100 - 150 mg m" (recreation/aesthetics) Homer et al. 1983 
USA 

_ 

- Welch et al. 1988 

> 150-200 mg m‘? maximum (recreation/aesthetics) Welch et al. 1989 

Data from approximately oligotrophic: <20 (mean) and <60 (max) mg m‘2V Dodds et al. 1998 
200 streams mesotrophic: 20-70 (mean) and 60-200 (max) mg m" 

eutrophic: (>70 (mean) and >200 (max) mg _m"
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1 

(1992) has_ a provisional guideline for protection for contact recreation that states that seasonal 

maximum cover of streambeds by periphyton as filamentous growths or mats (> ca. 3 mm thick) 
should not exceed 40% and/or biomass should not exceed 1 OO,mg’ m" chlorophyll a andlor 40 g m'2 

AFDW (ash-free dry weight) of exposed surface area. Although not a guideline, Dodds et al- (1998) 
noted from an assessment of approximately 200 North American and New Zealand rivers that

a 

' periphyton chlorophyll a concentrations were less than 20 mg m'2 (seasonal mean) or 60 mg 

(seasonal maximum) for one-third of the rivers and greater than 70 mg m"'(seasonal mean) or200 

mg m" (seasonal maximum) for another third of the rivers. On this basis, they proposed a 

provisional trophic classification whereby seasonal mean periphyton biomass (expressed as 

chlorophyll a) was < 20 mg m” for oligotrophic rivers, 20 to 70 mg m‘? for mesotrophic rivers, and V 

> mg m"' for eutrophic rivers. Corresponding seasonal maximum biomass for periphyton is < 

70 mg rn" fo_r oligotrophic rivers, 70to 200 mg m'2 for mesotrophic rive_rs and > 200 mg m‘2 for
I 

eutrophic rive'r’s. 

ForAlberta rivers, periphyton chlorophyll a concentrationsfor sites upstream of major point sources 

(i.e., North Saskatchewan River upstream of Edmonton, Red Deer River upstream of Red Deer, 

Bow River upstream of Calgary, Oldman River upstream of Lethbridge, Athabasca River upstream 

of Hinton) averaged 44 1 4 mg m" (mean .:I.- 1 SE). This means that, 95 percent of the time, 

seasonal mean periphyton chlorophyll a concentration upstre'am‘of‘point source inputs falls betvveen 

37 and 51 mg m’2. This value is comparable to the seasonal mean values of 20 to 70 mg m'2 which 
Dodds et al, (1998) defined as the range for mesotrophic rivers. Alfrequency distribution of all 

periphyton data for Alberta also showed that 45% of all seasonal mean ch_|o,rophyll a co,ncent_r_at_ions 
from sites upstream and downstream of point sources were less than the reference site average 

of 44 mg m'2 chlorophyll a ( Fig. 16). Thus, many sites on Alberta rivers have periphyton chIoro'ph'yI'l 

a conce_n,trationjs typical of reference conditions and that, compared with temperate streams 

throughout ‘North America and New Zealand, these sites can be classed as oligotrophic or 

mesotrophic.
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Management of an ecosystem based on biotic guidelines requires a predictive relationship between 

the biologica_l response variable and the factors controlling the response, particularly the factors that 

are under management control (e.g., point-source inputs). Considerable statistical variation -exists 

in our regression models relating instantaneous orseasonal mean periphyton biomass (expressed 

as chlorophyll a) to water-column4N and P concentrations, a surrogate for undenivater light'(turbidity 
I 

or non-filterable residue), and flow. Recognizing this, we examined our data using two approaches 

, 
to identify the water-column nutrient concentrations that would result in periphyton chlorophyll 

a concentrations of < 50, <' 100 and '< 150 mg m'2 [breakpoints that_oth_er agencies or investigators 

have used to define acceptable versus unacceptable conditions (Dodds et al. 1997; New Zealand 

MOE 1992; Nordin 1985)]. First, we used the regression models with. the greatest-number of’
0 

samples and greatestrz value for the instantaneous, spring, summer, fall or combined seasonal 

data sets (Equations 2, 20, -2-3, 24 and 26) to predict P P or TDP) and N (DIN or ,NO2+NO3) 

concentrations corresponding to 50, -1 00 and 150 mg m‘2 chlorophyll a (Table 9). Second, we used 

a frequency distribution approach described by Hieskary and Walker (1 988) whereby we plotted the 

frequency with which the four critical chlorophyll a concentrations were exceeded for defined ranges 

(quartiles) of .TP, TDP, TN and DIN (Fig. 17). 

Focusing first on phosphorus, results from our instant_a_n,eous_, fall, and combined seasonal 

regression models showed that under conditions of high light penetration (the surrogate terms for 

light set to zero) and average discharge, approximately'0.0.0.8 mg I" TP in the fall and 0.005 - 0.026 

V 

mg I" instantaneous, spring or all-season TDP (averaging these predictions yields 0.012 mg I" TDP) 

will yield periphyton chlorophyll a concentrations of 50 mg m'2 or less (Table 9). Periphyton growth 

of about 100 mg m‘? chlorophyll a will occurwhen TP concentrations average. 0.019 mg I“ in fall, 

or when TDP ranges between 0.009 a__nd 0.062 mg I“ depending on the season or type of sample 

(i_nst_an_taneous or seasonal mean). Periphyton growth of about 150 mg _m'2 will occur when TP 

concentrations average 0.033 mg I“ in fall, or when TDP concentrations range between 0.014 and 

0.105 mg I“, averaging 0.062 mg I" for the of all four TDP predictions for 150 mg m'2
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Table 9. Predicted phosphorus and nitrogen concentrations forspecific concentrations-of epilithic 
chlorophyll at, based on instantaneous relationships (Table 3) andseasonal relationships (T able 6) for 
all rivers, The models with the highest sample size (n) and F were selected to estimate P and N 
concentrations. Units for predicted_P d N ‘ 7 “ ' lained below. ~~~ s a I u ~~ ~ ~~ 

Instantaneous samples TDP 

Eqn 20 Spring means TDP (spring) 0.034 

Eqn 23 Summer» means 
_ 

TDP (spring) 0.105 

Eqn 24 Fall means TP (fall) 0.033 

Eqn 26 All seasons 
I 

TDP 

~ ~
~ 

Eqn 2 Instantaneous samples DIN 0.058 0.276 0.671 

Eqn 20 Spring means NO2+NO,, (spring) 0.047 
A 

. 0.106 . 

V 

0.170 

Eqn 23 Summer means NO2+NO3 (spring) 0.129 0.315 0.527 

Eqn 24 Fall means 
I 

NO,+NO3 (fall) 0.005 0.034 0.058 

Eqn 26 All seasons 
' 

H _ 

No,+No, 0,023 0.047 
' 

o.o71 

Assumptions: We assumed the ratio of N_iP was 7.23:1, based on Redfield ratio by mass (Ryding and Rast 1989), 
such that TN = 7.23(T P) and DIN = 7.23(T DP). We set the ratio of nitrogen pools to total and dis_solv'ed pools based 
on average proportions from Table 2. such that: DlN = 0.35(T N); NO,+NO,= 0.70(D|N); NH3diss'= 0.30(DlN)_; TKN 
= 3(DlN). We set irradia_n_ce surrogate variables (Turb, _NFR) equal to zero. to simulate no light limitation in the 
rivers. We entered the grand mean annual flow in the inst_a'ntaneous models and eitherthe grand seasonal or 
annual mean flows into the seasonal models. We then solved for a fonn or, either P or N.
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Figure 17. Percentage of mean seasonal benthic chlorophyll a valuesfallihg within predefined 
ranges for each of four separate TP, TDP, TN or DIN concentration ranges. Nutrient parameters 

are divided such that each concentration range has equal numbers of observations. Data are from 
spring, summer and fall seasons.
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ch_|orophyl_l a. "Our frequency distribution plots also showed that periphyton biomass was < 50 mg 

m'2 chlorophyll a for about 70% of all cases and was > 150 mg m'2 foronly 10% of all cases when 

mean annual TP concentration was < 0.012 mg I" and TDP was < 0.004 mg I" (Fig- 17). In contrast. 

when mean annual P concentrations exceeded 0.030 mg I" TP or 0.009 mg I“ TDP, periphyton" 

biomass was < 50 mg m'2 chla for only 35% of all cases and was > 150 mg m'2 for about 30% of 

all cases. 

Focusing next on nitrogen, the multiple regression models predict that 50 mg m‘2 chlorophyll a will 

occur when instantaneous DIN concentrations average 0.058 mg I" or when seasonal mean 

NO,+ND3 concentrations range between 0.005 and 0.129 mg I", averaging 0.050 mg I" (this value 

is the average of the four predictions of NO,+N,O3 at 50 mg m" chlorophyll a in Table 9). Similarly. 

the models predict chlorophyll a values near 100 mg m'2 when instantaneous DIN concentrations 

are 0.276 mg I“ or when NO,+NO3 concentrations average approximately 0.126 mgr‘. 

«Instantaneous DIN concentrations 2 0.671 mg I" and average NO2+NO_-3 concentrations 2 0.207 mg 

I“ will result in chlorophyll a‘ values 2 150 mg m” (Table 9). Examining the distribution of chlorophyll 

a concentrations with respect to nitrogen, we see that approximately 50 ‘mg m’? chlorophyll a occurs 

in 70% of cases and 2 150 mg m" occurs in less than 10% of cases when DIN concentrations are 

s 0.187 mg I“ (Fig‘. 17). In contrast, 50 mg m“ chlorophyll a occurs in less than 35% of cases and 

2 150 mg m" occurs in more than 20% of cases when DIN concentrations exceed 0.187 mg I". 

Given the high degree of statistical variation about our multiple regression models, there is 

remarkable overlap between the predictions for chlorophyll a values from the multiple regression 

models (Table 9) and the frequency distribution plots (Fig. 17). This is particularly t_rue for 

phosphorus, but DIN predictions also overlap between the two models. The information presented 

in the preceding two paragraphs should be viewed as a starting point for further‘ refining not only 

the numeric guidelines for P and N but also the approaches fordeveloping guidelines. Moreover, 

it should be noted that all the rivers assessed in this report originate in the mountains; the nutrient-

61



algal reluationships reported here may not apply to streams that arise in the prairies or boreal 

parkland. 

The periphyton — nutrient frequency distributions and multiple regression models indicated that TI5 

concentrations > 0.030 mg I" and TDI5 concentrations between 0.009 and 0.062 mg l"—‘ were often 

associated with periphyton ch_lorophyll a concentrations > 150 lm"‘v’. Dodds et al. (1997), in an 

assessment‘ of data from about 200 North American and New Zealand rivers, recommended < 

0.030 mg I" TP to achieve mean chlorophyll a concentrations <: 100 mg m'2 and maximum 

chlorophyll a concentrations < 150 mg m“. From studies of stre_am‘s in Washington,vWelch et al. 

_(1980) advised < 0.010 mg I" SRP (soluble reactive P) to maintain periphyton abundances of < 200 

mg m‘2 chlorophyll a. The New Zealand. p_rovision_al water quality guidelines (New Zealand Ministry 

of Environment 1992) notethat SRP concentrations must be below approximately 0.015 -' 0.030 mg 

l" to have any effect on periphyton abundance and that below these concentrations, production 

should decline with decreasing nutrient concentrations. These jurisdictional recommendations are 

difficult to compare as they differ not only in the form» of phosphorus usedV(SRP and TP versus our 

TDP or TP models) and the periphyton‘ chlorophyll a concentratio.n.s considered unacceptable (100 

to 200 mg m"), but also in their expression of periphyton biomass (seasonal mea_n versus 

' 

maximum). The use_ of seasonal mean versus maximum values is particularly difficult to interpret 

without knowing the frequency of sampling in the case of the mean value or, in the case-of the 

maximum value, the frequency with which the site was observed. Yet despite theselimitations, the 

phosphorus values corresponding to unacceptable periphyton biomass a__re.surpris_ing|y similar: 0.01 - 

to 0.03 mg I“ SRP and 0.030 to 0.035 mg I" TP. 

This study found that chlorophyll a concentrations 2 150 mg m" could be expected when .DlN
1 

concentrations regularly exceeded between 0.062 (from the multiplle regression models, Table 9) 

and 0.11, 87 mg I“ (from the frequency distribu_t_ion plots, Fig. 17). The New Zealand provisional 

guidelines identify Dl_N concentrations below between 0.040 to 0.100 mg I" as being important; in
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influencing periphytpn growth (New Zealand Ministry of Environment 1992). Dodds et al. (1997) . 

predicted that instream total N concentrations < 0.350 mg l“ would result in mean and maximum 

chhlorophyll a concentrations below 100 and 150.mg m". respectively. If we assume, as we did in 

Table 9, that DIN = 0.35 x TN, then the prediction made by Dodds et al. (1997) for TN corresponds 

to approximately 0.120 mg I“. Again, despite the limitations explained above andthe assumptions 

made in the prediction of DIN from TN, there is a_ high degree of correspondence between our 

predictions and published predictions for N concentrations that yield specific‘ levels periphyton . 

biornass. 

It is less common to setwater quality gu_id_elines for N, probably because of the inherent difficulties 

in managing for N and also because of the commonly held bel_ief that mostfreshwater systems are 

P-limited. Nevertheless, has been identified as a limiting nutrient in many lotic ecosystems 

(Lohman et al. 1991; Welch et al. 1989; Chessman et al. 1992) and N-lirnitation may be 

exacerbated when bodies of water receive waste-‘water with a na_turally’low N:P ratio or in systems 

where the bedrock is naturally rich in‘ P (Welch 1992). In Alberta rivers, there is documented 

evidence for P-limitation (Scrimgeour and Chambers 1996. 1997; Anderson ‘et al. 1998). 

Nevertheless, ou_r models showthat N and P share~approximat_ely equal importance in the prediction 

_ 

of benthic chlorophyll levels, suggesting that management should focus on the control of both 

nutrients. 

4.2 -Recommendations for water quality monitoring 

Most rivers in Alberta are sa_mpled regularly for water chemistry but less frequently for epilithic 

chlorophyll a. This makes it difficult to analyse for temporal trends in water quality, pa_rticu_la_rly 

epilithic chlorophyll a, and to draw inferences about the long-term impact of human activity in a 

river’s watershed. A sampling scheme should be devised that consists of reference stations 
upstream of areas that are likely to be impacted by human activity and sites along the length ofthe
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river‘ that are located in regions considered to be of concem (e.g.-, downstream of a municipal 

sewage outfall or industrial effluent, or below a la_rge agricultural region). When possible. sites 

should. also be selected that are far enough downstream of human activities to enable the 

evaluation of the degree of recovery to reference station conditions. Future statistical analyses 

«would be better facilitated if there was better correspondence between discharge and water 

chemistry stations. 

Alberta Environmental Protection’s electronic water quality database currently records values for 

water qualityvariables that fall below the analytical l_imit of detection as “less than detection limit". 

These data are censored in that a numerical value is not entered into the da.tab‘_ase because of 

analytical uncertainty around that value. A_ number of studies have demonstrated that censoring 

hinders statistical analysis of the data and that values should be reported with their observed value 

("be this above or below detection limit) and an estimate of measurement uncertainty (Gilliom et al. 

1984; Porter et al. 1988; Newman et al. 1989; Newman 1995). Despite the availability of statistical 

techniques to deal with censored data (e.g.-, Travis and Land 1990; Helsel 1990; Hinton 1993; 

Slymen et al. 1994; Newman 1995). the recomme'ndation in the scientific literature remains that 

analytical values should ideally be reported even when there is high uncertainty around these 

n_u_m;bers. Thus, we recommend thatAlberta Environmental Protection begin a practice of entering 
'

I 

the analytical value of an observation and record the measurement uncertainty around that 

observation, rather than censoring their data by entering values as “less than detection limit"? This 

will result, ultimately, in data sets that can be analysed with more robust parametric statistics.
' 

I 

Chlorophyll a is an accepted measure of algal biomass among aquatic biologists and analytical 

methods typically follow procedures similar to those described by Bergman and Peters (1980),. 

where chlorophyll a is filtered -out of the water, extracted with wa_rm ethanol and analysed 

spectrophotometrically (c.f., Fairchi_ld and Sherman 1992; Biggs and Hickey 1994; Cattaneo 1996). 

Other techniques exist where different extractants are used (e.g., acetone or acetone-methanol:
<
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Rowan 19.8.9; DMSO (djimethylsulfoxide): Rosemond et al., 1993; Basu and Pick 1997) and the 

chlorophyll can be analysed fluorometrically (Wetzel and lcikens 1991) or by high-pr‘es_su‘re liquid 

chromatography (HPLC) (Schanz and Rai 1988; Uehlfinger et al. 1996). Schanz and Rai (1988) 

reported that the latter‘ two methods yield slightly more sensitive results than spectrophotometry. 

However, both spectrophotometry and fluorometry are commonly used in scientific studies and both 

are appropriate for the purpose of ‘management questions within Alberta rivers_. 

Field methods for the collection of benthic algae were reviewed by Aloi (1990), who reported that 

scraping a known area of _rock with a brush or scalpel was the most commonly used technique to 

collect epilithic algae, These methods are employed almost u_n_iversally within the periphyton 

literature, with the only variations being in the number of rocks scraped andwhether an entire rock 

‘is scraped or whether a, specific area on a rock is scraped.
’ 

Analysis of algal samples for- species oom'posijti_o_n may yield information regarding_ the distribution 

of taxa among Alberta rivers. Although this may be an inte_resting exercise, it is unlikely thatthe 

labou_r and expenses involved in such an analysis would be warranted_ for routine monitoring. 

5.0 CONCLUSIONS 

Results from this investigation showed that nutrient a_nd chlorophyll a concent‘r'ation's i_n Alberta's 

major rivers fell within expected ranges for similar systems across North America and abroad. 

Nutrients and chlorophyll a in the Bow River have undergone dramatic declines since the early 

1980's as a result of upgrades to Calgary’s sewage treatment plant. However, changes in water 

quality were not as evident in other systems w_i_thin the province: some rivers showed moderately 

improved water quality (as characterized bydecreased chlorophyll a and nutrients) ‘whereas others 

showed slightly diminished water quality. The impact of Alberta's major urban areas (Calgary, 

Edmonton, Lethbridge, Red Deer, and Hinton) on water quality was most evident during low-flow
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seasons (spring and fall) and was manifested as high chlorophyll a and nutrient concentrations 

immediately downstream of the cities followed by gradual returns to near-upstream conditions along 

the lengths of the rivers. 

Assessment of seasonal periphyton" chlorophyll a concentrations from river sites throughout Alberta 

showed that reference sites (i.e., upstream’ of any major point sources) averaged 44 mg m'2 

periphyton chlorophyll a and that 45% of all river sites in Alberta had periphyton chlorophyll a 

concentrations less than the average reference conditions. In general, mean seasonal periphyton 

concentrations of less than 50 mg m"_ chlorophyll a will occur when P concentrations (T P or TDP 

depending on the method used to predict chlorophyll a based on nutrients) are less than about 

0.012 mg l". Similarly, DIN concentrations less than between 0.058 and 0,187 mg l" or NO2+NO-3 
' 

concentrations lessthan 0.050 mg r‘ will also result in benthic chlorophyll a levelsnear 50 m‘g‘m‘2. 

These values are very approximate because of the-statistical uncertainty in our regression models 

(0.21 s 1" s 0.36; Tables 3, 6 and 9). Management of an ecosystem based on‘ biotic guidelines
' 

requires a solid predictive understanding of the relationship, between the. biological response 

variables and the factors controlling the response. There are several potential approaches for 

improving predictions ofperiphyton biomass. Empirical models could be expa_nded to include other 

variables that may influence periphyton abundance (e.g., temperature, abundance of grazing 

organisms, irradiance, N:P ratios). However, the effects of these variables on periphyton biomass 

appears less consistent than the effects of nutrients. Dodds et al. (1997) also noted from their 

analysis of over 200 distinct sites or rivers that latitude, temperature, stream gradients, discharge 

and light were not as useful predictors of stream chlorophyll a as N or P. Another approach is to 

move from empirical models constructed on a provincial or multiple drainage-basin scale to models 

developed for a specific basin. our results showed that models constructed for the basins in the 

northern and southern portions of the Saskatchewan River basin had higher r’ values than models 

constructed forthe entire basin. Separation ofrivers by ecoregion may therefore improve model- 

predictions, particularly if there is a high number of samples and the nutrient or periphyton
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measures span a wide trophic range. Yet another approach is to rely upon mech_an_istic rather than 

' empirical models to predict periphyton biomass. Although these models should theoretically provide 

better predictions as they model processes governing biomass gain and loss, the extensive data 

they req_ui_re on ambient conditions and process rates are usually not available (Ca_rr etal. 1997). 

A mechafnistic model that has been calibrated for a particular river may provide a useful tool for“ 

predicting biomassand undertaking scenario investigations for that particular river. However, a 

mechanistic model calibrated for a particular river can not be made sufficiently general to give 

reasonable predictions for other rivers. 

Both empirical and mechanistic models are based upon relationships between nutrients and 

periphyton abundance. An alternative to this approach is to set a periphyton chlorophyll a guideline 

that is based upon a fixed percentage increase above a reference or baseline concentration. For 

example, mean season_al peri phyton chlorophyll a concentrations for a specific river reach could be 

set, "for example, to at most 25% greater than a particular reference reach. Ontario Ministry of 

Environment (1990) is evaluating what is referred to as a ‘‘proportional phosphorus increase” 

whereby P in lakes could increase by up to 50% above background providing: (1/)'TP does not 

exceed 20 pg I“, (2) at least 2/3 of the original lake trout habitat is preserved for lake trout lakes, and 

(3) dissolved oxygen at 2 m from the bottom is -> 2 mg I" in lakes with naturally oxic hypolimnia 

(Ontario Ministry of Environment 1990). The “proportional increase” approach has the advantage 

of linking an impacted site with a reference site or sites, thereby permitting the response variable 

at the impact s,it'e(s) to track the inter-annual changes in abundance atthe reference site(s). 

Although this allows for inter-annual variation in periphyton abundance, it necessitates having 

appropriate reference sites. In addition, management action to ensure that the response variable 

does not exceed the allowed proportional increase can only be undertaken if a predictive 

relationship exists between the response variable and the factors controlling the response 

(particularly those amenable to management action). 
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Finally, another question to ask is whether biomass or .standing crop (chlorophyll a concentration 

or ash-free dry mass) is the most sensitive variable to be meaysugring for‘pen'phyton. Other possible 

variables include productivity or photosynthetic rate. species composition, and alkaline phosphatase 

activity.(an indicator of phosphorus stress). Biomass metrics are easiest to measure but may not 

be the most responsive measure, Minimally. further research is needed to determine whether these 

various metrics are showing 'simi|a,r trends in response to enrichment and which metricxis most 

closely linked to nutrient concentrations in river water. 

In conclusion, our work has shown that theeabundancesof periphytonand potamoplankton in Alberta 

rivers is correlated with nutrient concentrations in the river water although the predictive capability 

of the models is limited- Potamoplanktonis not generally perceived as a problem in Albertalrivers 

and thus. we focused our regulatory assessment on benthic algae. ‘Further study is required to 
I 

validate the recommended periphyton guidelines from the perspective of human perceptions of 

water quality and to improve periphyton-nut_rient models. Research is also recommended to 

validate approaches for establishing guidelines andtjo assess the most sensitive variable for 

measuring the response for periphyton to enrichment-
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Alberta E_nvi_'ron'menta|V Protection (AEP) water quality and Environment Canada 
.(HYDAT) discharge mon_itori_ng stations 
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Table A1. Alberta Environmental Protection (AEP) water quality monitoring stations. 

0 RNER OF 4 TO NORTH MILK RNER 
1AAO020 MILK RNER UPSTREAMOF TO'MILK RIVER 

MILK RNER OF MILK RNER 
AB11AAOO50 RNER AT 878 

RIVERNEAR WALDONS 
UPSTREAM OFCONNELLY cREEK » 1 

RNER NEAR THElM0l=JTH 1 

RIVER cAsTI.ERIvER 
- 1 

RNER AT HlGHWAY#8 BRIDGE NEAR 
- 

' 1140154 

RNER - BANK SAMPLE‘ - 

‘ 

. 493327 1134920 

AT FORT MACLEOD - BANK SAMPLE 494315 1132700 

RNER AT FoRT MAcLEoD - LEFT BANKISAMPLE. 494319 1132700 

cREEK DOWNSTREAM OF CHAIN 1140350 

DIvERsIoN » 500745 11134745 

DowNsTREAM oF 1134250 
' 

. #519 . 1133245 

AT SEC-.HV\IY.. #31 
A 11 

- RIGHT BANKSAMPLE - 1 

- LEFT BANK SAMPLE 1130721 

0 OLDMAN ABovE LONG ORGANIC sITE — 1125230 

. 

‘ u/s«oF'LET.HBRIDGE 
‘ GRAB 1 

AB05AD037o OLDMANIRNER LETHBRIDGESTP ouTFAI.L -HWY#3 ' 

. 
11251 

ABOVE LETHBRIDGE2 LEFT BANK SAMPLE 11 

OLDMAN RIVER NEAR OLDRIFLE MACROPHYTE SAMPLE 11251 

ABO5AD0450 - RNER-AT ALEXANDER WILDERNESS PARKIRIGHT BANK PLUS-:5IMETERS 
AB05AD0490 OLDMAN RNER AT RIGHT BANK

‘ 

ABo5AD0500 DLDMAN AT ' DIS OF LETH. RlGHT‘BANK PLUS 
AB05AD0590 oI.DMAN RNER AT PAVAN PARK ‘ METERS 

oLDMAN OF DIAMOND CITY SAMPLE RIGI-ITIBANK sAMI=I.E~- 0.0 METERS- 

AB05AD0710 ' RNER NORTHEAST OF DIAMOND MACROPHYTE SAMPLE: 
ABo5AD074o RNER BELow Pic-TURE T HWY. #845 IBANKSAMPLE 
AB05AD0790 I OLDMAN RNER AT HWY 345 BANK 

RNERAT Y~#2 SOUTHEAST RNER 
00 

‘ RIVERA #533 NANTDN 
ABO5AC016O CREEK AT I-Ivw.I#529:EAsT OF T

LL
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Table A1. Alberta Environmental Protection (AEP) water quality monitoring stations (continued). 

"3? ‘ 

,3 
‘V ‘ 

I 

* 
‘ 

9 9 1 

’ 
‘ 

i 

I 

‘ 
1" M 7 $7 ? 

‘r.§s;; 

500300 ‘ 1130009‘
’ 

494855 1121020
1 

494859 1121020 
495740 1120500 
495734 1120500 
495500 1.114525 
495500 1114523 
495002 1114148 

AB05Ac0190 LITTLE BOW RNER AT CARIVIANGAY 
AB05AG0070 OLDMAN RNER ABOVE‘TAI3ER.(HwY#se4) RIGHT BANK SAMPLE 
AB05AG0090 OLDMAN RNER ABOVE TABER(HwY#sB4) LEFTBANK SAMPLE 
-AB05AG0100 OLDMAN RIVER BELOW TABER RIGHT BANKSAMPLE 
AB05AG0120 I OLDMAN RIVER BELOW TABER LEI-‘I’ BANK SAMPLE 
AB05AG0190 :oLDMAN RIVER AT FINCASTTLE RIGHT BANKISAMPLE . 

AB05AG022O :OLDMAN RNER NEAR FINcAsTLE ADJACENT To DATASONDE MONTTORING SITE 
AB05AG0230‘ OLDMAN RNER AT THE MOUTH 

’ 

‘ 

f_ Ea ‘ 

AB05BA0010 ‘Bow RNER UPSTREAM OF LAKE LOUISEAT HwY,#1 GRABSAMPLE 
ABO5BAO030. tI3Ow;RIVER DOWNSTREAM OF LAKE LOUISEIAND UPSTREAM OF ISLAND LAKE OUTLET -GRAB 
AB05BBOO10 BOW RNER BELOW BOW FALLs AND UPSTREAM OF sPR'AY RNER GOLF cOuRsE STUDY.SlTE\#1 

AB05BB0020 BOW RIVER AT~BANFF‘SPRiNGS MAINTENANCE AREA GOLF cOuRsE STUDY SITE #2 
AB05BBD030 Bow‘ RIVER ATBANFF sPRINGs CLUB HOUSE GOLF cOURsE STUDY srrE #3 

.‘ AB05BB0040 5BOw RIVER AT EASTERN EDGE OF BANFF SPRINGS GOLF COURSEGOLFCOURSE sTUDY srrE #4 
I AB05BB0050 ‘-BOW RIVER UPSTREAM OF BANFFSEWAGE DISCHARGE GOLF cOURsE sTUDY SiT;E-#5 
~ AB05BB00e0 BOW RIVER DOWNSREAM OF BANFF sEwAGE DISGHARGE GOLF cOURsE STUDY SITE,#6 

AB05BE0010 Bow RIVER UIS OF OANMORE 
AB05BE003o BOW RIVER AT OANMORE BRIDGE - LEFT BANK SAMPLE 
AB05BE00s0 Bow RIVER AT CANMOREBRIDGE - RIGHT BA'NK‘SAMPLE 
AB05BE0o70 v BOW RIVER AT THREE sIsTERs OONTROL sITE c U/s OF ATP RDB 
AB05BE009o BOW RIVER BELOW CANMORE AT HIGHWAY-#_ 1 BRIDGEIRIGHT BANK SAMPLE 
AB05BE01oo Bow RIVER BELOW CANMORE AT HIGHWAY # 1 BRIDGELEFT BANK sAMPLE 

- AB05BE0140 BOW RNER-DOWNSTREAM 0F'DEADMANS~FLATS LEFT BANK sAMPLE 
~AB05BE0160 » Bow RIVER=DOwNsTREAMoF DEADMANSFLATS RIGHT BANK sAMPLE 
AB05BEO1,90 ' 

I BOWRIVERUPSTREAM OF EXSHAW CREEK LEFT BANK sAMPLE 
AB05BE0210 . BOW RIVERZUPSTREAM OF EXSHAW CREEK RIGHT BANKSAMPLE 
AB05BE024o BOWRIVER AT BOW VALLEY PROVINCIAL PARK RIGHT BANK SAMPLE 
AB05BE0250 Bow RIVERNEAR MORLEY ' 

AB05BEO260 .’Bow'RIVER’BEL‘Ow GHOsT DAM 
AB05BE027o BOW‘RNER UPSTREAM‘ OF ALBERTA NATURAL GAS FINAL EFFLUENT 
ABO5BHOO10 .I3Ow1RIVER ATCOCHRANELONG TERM ORGANlC.S|TE

' 

AB05BH0100 BOW RNER AT GLENBOWIRANCH ' 

AB05BH01 10 Bow. RIVER BELOWBEARSPAW DAM 
ABo5BH0140 Bow RNER UPSTREAM OF s5sTREET BRIDGE « 

AB05BH0450 :BOW RIVER NEAR INGLEwOOD GOLF cOURsE BONNYBROOK STUDY‘Mfl KILOMETRE 0 
5 

I 
ABO5BH0510 II3Ow RNER UPsTREAM OFBONNYBROOKSTP DISCHARGE RDB 

~ ~ ~~ 
~

~ 

~~~ ~~ ~~
R ~ ~ 

512637 1161242
I 

512357 1150744 
510955 1153325 
511009 1153300 
511032 1153213 
511049 1153139 
511042: 1153025. 
511023 1153025 
510722 1152312 
510508 1152147 
510509 1152152 
510410 1152052 
510351,, 1151925 ' 

510354 1151925 
510234 ' 1151410 
510230‘ 1151410: - 

510324 1150939 1

b 

510322 1150939: 
510513 1150520. 
51.102 1.145100 
511314 1144203 
511221 1143144 ' 

511,025 1142000
_ 

510909 1142230 ‘ 

510510 1141720 
510500 1141236 
505941 1140131 
510032 1140109 

8/.
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Table A1. Alberta Environmental Protection (AEP)_ water quality monitoring stations (continued). 

~ ~ ~ ~ ~ ~ ~~ 

1/ ‘W » Y 5 H 4 ‘*0’ V 

‘ 

5 1: I 
. . , 3 I . 

‘ 
.; /1, 1‘ 5. 

' ‘ 
. 

3 ‘ 

I 
$.35»;

: 

‘T 
. . 

“- 

“ )3" 
. .. ,. . 

» 
. 

IX‘ 
3‘ 

’ 
‘ 9 034° , . 1 M . 

‘ 

. .2.» 11 . . .

‘ 

AB05BH0520 Bow RIVER BELOW BONNYBROOICSEWAGEPLANT OUTFALL BoNNYBRooI<‘sTUDY M2. KILOMETRE 2 279.14 505349 1140147 

AB053H0530 Bow RIVER;NEAR ACADIA TRAILER PARK 
’ 231.14 505320 1140143 

ABO5BH0610 Y Bow RIVERNEAR QUEENSLAND DowNs%BoNN’YBRooK sTUDY M4 KILOMETREI8 
' 235.14 .‘ 505323 1140019 

AB05BM0010 I Bow'RIVER:'BELow CARSELANDIDAM LoNG TERM oRGANIc srr_E 
‘ 349.73 . 

504950 1132500 

AB05BM0030 IBOWVRNER‘ NEAR DEER RUN BoNNYBRooK STUDY M5 KILOMETRE 12 . . 
291.14 = 505441 1135954 ' 

AB05BM0120 .BOW’RlV,ER-APPROX 200 YARDS D/s FROM coNI=I.-UENcE OF FISH CREEK sURVEY.LocATIoN:No. 11 293.34 505419; 1140023. 
' AB05BM01'4O BOW RNER NEAR AcADEMY;BoNNYBRooI< sTUDY M7 KILoMETER17.5 295.54 505222: 1135929 
' AB05BM0150 iBowzRIVER AT sTIERs RANCH 304.31 505113 1135500 

-AB05BM0170 IBOWRNER NEAR TREE NURsERY BONNYBROOK«STUDY M9 KILOMETER 30.0. 309114 505101 1135053 

AB05BM0180 , §BOW RIVER BELOW CONFLUENCE OF HIGHwooD RNER BONNYBROOK STUDY M10 KlLOMETER.37.;0 315.14 504907 1134335 

AB05BM01‘90 [Bow RNER BELOWGONFLUENCE OF HIGHwooD RIVER . 315.14 504343 1134414 

AB05BM0200 Bow RNER NEAR DALEMEADIBONNYBROOK sTUDY M11 KlLOMETERI45:0 323.99 504332 1134050 

AB05BM0420 aeow RNER ABOVE cARsEuAND WEIR BoNNYBRooI< STUDYMI12 KILOMETER 52.0 331.14 504749? 1133500 . 

'ABO5BMO470 BOW RNER BELOW cARsELAND wEIR UPSTREAMOF HIGHWAY #24 
1 325.53 504953. 1132445- 

AB05BM0500 Bow RIVER NEARSTRANGMUIR BONNYBROOKSTUDY M13 - K|LOMEl‘.ER' 74 4 353.14 505049 ‘ 1132050. 1 

N AB05BM0580 Bow RIVER NEAR ARRowooD AT HWY #323 . 392.15 :504319 1130752‘ ‘ 

<0 AB05BM0590 Bow RIVER AT CLUNY ’ 
‘ 

425.73 504100 1125010 

AB05BM0s40 Bow RNERAT cRowI=ooT'EY 457.31 504755 1123344 

AB05BM0570 Bow RIVERBELOW 3AssANo DAM ’ 

' 

« 471.53 504452 1123127 

AB05BN0010 
5 Bow RIVER RONALANE BRIDGE LONGTERM oRGANIc srrE 525.31 500247 1113523 

AB05BN0050 ‘ 
3 .BOW‘RlV_ER AT‘Bow crrY BRIDGE - 

‘ 5 533.73 . 
502555 1121319 

AB05BN0150 Bow RIVER ATSCANDIA ' 535.55 I 501340 1120420 

'AB05BNO210 EBOWRNER-ATRONALANE BRIDGE _ 

- 525.51 . 500239. 1113452 A 

‘ 

AB05BN0230 Bow RIVE BEFORE coNI=LUENcE WITH oLDMAN RIVER 495527 1114125 

-‘ ’ABO5BJ0120 ELBow RNERDIS OF BRAGG CREEK TowN JUNE 1933. N/A 505730 1143330 
' A305BJ01.70 :ELBow RIVER AT HIGHWAY #22 N/A 510155 1142305 

AB05BJ0220 IELBOW RNERUPSTREAM or GLENcoE GOLF coURsE GOLF COURSESTUDY ocToBER 1990 N/A 510150‘ 1141915 

AB05BJ0230 ‘ELBOW RIVER UPSTREAM OF GLENcoE GOLF AND coUNTRY cLUB - MAIN CHANNEL N/A 510153? 1141915‘ 

AB05BJ0240 ELBow'RIVERIMID-coURsE;oI= GLENcoE GOLF COURSE‘GOLF'»COURSE STUDY‘OCTOBER1990 N/A 510157’ 1141340; 

AB05BJ0250~ ELBOW‘RNER‘M|DCOURSE or GLENCOE GoLI= ‘AND coUNTRY CLUB, DowNsTREAM-oI= PIPELINECROSSING . N/A 5110201? I 1141309 

~ 
_ 

AB05BJ0280 ELBowiRIVER AT GLENCOE GOLFCLUB JUNE 1988 . 

‘ N/A 510155‘ 1141315‘:
: 

AB05BJ0290 ELBOW RIVER UPSTREAMOFTWIN BRIDGES AT HIGHWAY #3 . N/A 510100 
' ' 

1141425 1

. 

AB05BJ0300 ELBow'RIvER AT SARCEE BRIDGE JUNE 1933 
' 

‘ 

N/A » 1505942 1140955 

AB05BJ0340' ELBow RIVER UPSTREAM or CALGARY GoLI=&coUNTRY CLUB GOLF coURsE sTUDY oc:r.oBER 1990 . 
I N/A 510003 1140531 

AB05BJ0350 ELBow RNER AT cALGARY GOLF AND coUNTRY CLUB N/A 510000 1140545 

AB05BJ037o ELBow RIVER D/S OF cALGARY GOLFGICOUNTRYCLUB GoLI=-coURsE STUDY ocToBER 1990 N/A 510034 1140503



Tabte A1. Alberta Environmental Protection (AEP) water quality monitoring stations (continued). 

ABO5BJ045O VE. BRIDGE 

PEKISKO CREEK - 

HIGH - 

- REACH #3 RNER 
AB05BL0390 HWY BRIDGE NEAR AliDERSYDE'~- 

AB05BLO49O #5

0 
RNERA HIGHWA 

ABOSAKOOZO HAT? 
TCHEWAN RNER HAT 

ABO5AKO49O VA 1 BRIDGE 

08 RIVER AT 
ABO5CC0020'

T 

RED DEER 
RED 
RED 8. 

RED - KM t RIVER 

DIS BUNDMAN R FINAL EFFL PT 3 3 12 M. RT BANK 
BLINDMAN R FINAL 1 ~ 101 M. F RT 

. 

A DM 7 

RNER AT" ‘ 8-‘ 

AT ~ POINT 1 

DEER‘ an-1. 
DEER RNER AT 3 9 

AT 1 or « 94 M. FROMRIGHT 
ABO5CDO37O - AT . NEAR ' 

. 

» . 

RNERAT .- 513910 
DRUMHELLER AT HWY 9 - LEFT BANK ‘



Table A1. Alberta Environmental Protectlon (AEP) water quality monitoring: stations (continued).
- 

2o DEER RIVER AT I-l\NY 1o - LEFT‘BANK 
0 AT FINNEGAN ABOVE HWY. - 

DEER‘ 0/s .‘PK. ATHWY. 334 NEAR JENNER - RIGHT 
ABO5CKOO60 I BORDER 

0 RIVER AT 
NORTH SASKA 

RNER AT ANCONA 
' MOUNTAIN HOUSE 

TCHEWAN RNER KM. 
-BRAZEAU RNER 

RIVER AT.
T 
AT 

‘ RNER’ ’ 

L8 

RIVER 

RNER RIGHTIBANK BEVERLY RAILWAY 
CRK - 

AL .STP KM - 

‘BANK ' W'RA'lL'WAY 

RNER 
AB05EBO600 1 KM. 

RNER - BANK 1988 
AB05EBO83O - LEFT BANK" 1988 

ABO5EBO860 - BANK



Table’ A1. Alberta Environmental Protection (AEP) water quality monitoring stations (continued). 

RNER RIGHT BANK 
RNER ' 

RIVER 
70 
so sAsI<ATcI-IEWANIRIVER 

AB05ECO210 ~sAsI<A 
$A'SKA RNERAT 

AB05EDOO20 AT 1 

‘RIVERA Y ‘ -0CT.1 933 
ABO5ED0110 - POINT 

SASKA AT =sAMPLE-ocT.1 1933 
- LEA PARK '

‘ 

NORTHISASKA - 1 1333 
T . 
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‘Fable A1. Alberta Environmental Protection (AEP) water quality monitoring stations (continued). 
>3

~ ~~ 531736 1171645 
530400 1172700 
530534; '1172622 
530124‘ 1112950 
531210‘ 1172941 
531506’ F 117213 
531944‘ 1171511 
532730 1163715

~ AB07AF0200 MCLEOD RNER ABOVE CONFLUENCEWFT THE GREGG RNER 
ABO7AF0210 GREGG.RNER ABOVE GREGGRIVER RESOURCE MINE 
ABO7AF0240 GREGG RNER’ - 0.5 KM BELOW GREGG RNER RESOURCEMINE 
AB07AF0260 GREGGRNER NEAR HIGHWAY #40 
ABO7AF0310 GREGGIRNER'DOWNS1'.REAM,OF WARDEN CREEK 

, AB07AF0330 GREGGRIVER BEFORE CONFLUENCE WITH MCLEOD RNER 
AB07AFO34O MCLEOD RIVER BELOW C_0NFUENCE:WlT|'H‘GREGGIRNER 

. AB07AF0350 - MCLEOD RNER ABOVE CONFLUENCE OF EMBARRAS RNER AT FEDERAL GAUGING SITE 
‘ 

‘I-\BO7AF0380 EMBARRAS RNER ABOVE CONFLUENCE WITH MCLEOD RNER -532731’ 1163700 

"AB07AF0390 _ LOVETTZRNER ABOVE CON FLUENOEOF COAL CREEK -530350 1164850" 1' 

. ‘AB07AGOO10' MCLEOD RNER DOWNSTREAM OF CONFLUENCE WITH THE;EMBARASS RNER -533000 1163448; 
533000 1163446 
533625 1161653 
533625 1161653 
533630 1151653 
533630 1151653 
533630 1151653 
533534 1161705 
533534 1161705 
533539 1161600 
533555 1161615 
533915 1161652 
533915 11161650 ' 

533942: 1161619- 
534100 1160928. - 

534200 1160920» 
534200 1160920» 
534200 1160920 
534300 1160100 
534300: -1160100 
535325: 1155215 
535325‘? -1155215 
540200. 1155030

I 

540849" 1154233 
5408101 1154200 
540610 1154150‘ 
5408.19. 

' 

1154151 

'AB07AG0020‘ MCLEOD RNER DOWNSTREAM OF CONFLUENCE OF EMBARASS RNER -.L'-EFT BANK 
AB07A'G00.70‘ MCLEOD RNER 100 METERSeUPSTREAM OFEDSONISEWAGE OUTFLOW .- I.-EFT BANK SAMPLE 
AB07AGOO90 MCLEOD RNER 100 METERS‘UPSTREAM OF EDSONSEWAGE OUTFLOW -A RIGHT BANK SAMPLE 
AB07AG0100 MCLEOD RNER 100 METERS-BELOW EDSOMSEWAGE OUTFLOW - LEFT ‘BANKSAMPLE 
AB07AG0120 MCLEOD RNER 100 METERSBELOW EDSON:SEWAGE OUTFLOW - RIGHT BANK SAMPLE 
AB07AG0130 MCLEOD RNER 100 METERSiBELOW EDSONZSEWAGE OUTFLOW ' 

AB07AG0150 MCLEOD RNER AT.AR'I‘S PLACE LEFT BANK SAMPLE 
AB07AG0160 1 MCLEOD RNER AT ART‘S,PLACE CENTER OFRIVERESAMPLE 
AB07AG0170 ' MCLEOD RNER AT,ART'S-PLACE RIGHT BANK SAMPLE 
ABD7AG0180 ‘ \WOLF CREEK AT WSCGAUGE‘ ( HIGHWAY #16 BRIDGE) 
AB07AGO200 IMCLEOD RNER BELOW CONFLUENCE OF WOLF CREEK.LEFT'BANK SAMPLE 
AB07AG0210 ‘ 

' :MCLEOD RNER BELOW CONFLUENCE OF WOLF CREEK‘-RIGHT BANK SAMPLE 
AB07AGO220 ‘EDSON CREEK BEFORE CONFLUENCE WITH MCLEOD RNER 
AB07AG0230 AUNNAMED CREEK BEFORE: CONFLUENCE, WITH MCLEOD RNER‘ 
AB07AG024O MCLEOD RNERDOWNSTREAMZOF ROSE\EAR FERRY 
AB07AG025O A MC_LEOD'RNER}DOWNS7I?REAM OF ROSEVEAR FERRY LEFT BANKLSAMPLE 
AB07AG027O MCLEOD-RNER DOWNSTREAM OF ROSEVEAR FERRY RIGHT BANK SAMPLE 
ABO7AG0290 MCLEODRIVER AT PEERSfI'.EFI' BANK SAMPLE 
AB07AG030O MCl.‘EODiRNER=AT:PEERS‘RlGHT BANKSAMPLE 
AB07AG031O MCLEOD RNER ATMAHASKA 
AB07AG032O ’MCLEOD‘RIVER1AT MAHASKA LEFT BANK 
AB07AG0340 GROAT CREEK ON EDSON HIGHWAY 
AB07AG0350 ‘MCILEOD RNER 2.7 KM ABOVE THE CONFLUENCE WITH ATHABASCAR L. BANK ZOOBENTHIC S|TE(MCL1R) IW\R"88 
AB07AG0370 MCLEOD" RNER ATVWHITECOURT - HIGHWAY #‘43¢BR|DGE1LEFT BANK SAMPLE‘ » 

‘ AB07AG038O ‘MCLEOD RNER AT WHITECOURT AT'HIGHWAY‘#43 BRIDGE CENTER OF RIVER CHANNEL MOUTH: ARC KM 1032.4 
‘ ABO7AG0420 MCLEOD RNER ATWHITECOURT 
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Table A1. Alberta Environmentél Protecti'on:(AEP) ‘water quality monitoring stations (continued). 
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PULP DIFFUSER RIGHTBANK 
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IRNER 
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AT 
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‘ 
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A RIGHT BANK 

Y #2 BRIDGE 
DOWNSTREAM v 

KM N 
1 KM Y 

TEL 15kM; WITHTHE A 
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RIGHT BANK 
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Table A1. Alberta Environmental Protection (AEP) water quality monitoring stations (continued). 

AB07CB061 O 

AB07CCOO10 

70 
' 

ABO7GE018o 

10 
ABO7GJ019O

1 

RNER 1 1 

RIVER 4 
RNER NEAR 

3 RIGHT SAMPLE -’ 
RNER 13.3'KM CENTRE 

RNER - BEFORE RNER LEFT BANK 
METERS ABOVE‘ 

292.8 
RNER -BELOW FT..MCMURRAY‘ KM OF 

‘ ' 
1 1 Y VIA HIGHWAY #63 

OF 
WSC GAUGEARC. 1 1 1.3 
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KM 

RNER 10 KM 
0. 

KM. 

RNER 
1.5.KM ABOVETHE‘ 
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99.

~ ~~~ ~ ~ ~ 
. : V . . _ : 

AB07HA0250 PEACE RNER 1.5 KM ABOVETHE CONFLUENCE OF THE WI-,llTEMUD RNER RIGHT BANK JULY 1988. NIA 563929 1170842 

AB07HCO07O PEACERNER 155 KM ABOVE THE CONFLUENCE OF THE NOTIKEWIN RNER CENTER SAMPLE JULY 1988 N/A 571037’ 1170551 

AB07HD001O PEACE’-RIVER NEAR cARcAJou 0.5iKM ABOVE SCULLY CREEKCENTER SAMPLE JULY 1988 NIA 574253 4 1170654 

A807}.-{F0060 PEACE’ RNER ATFORT VERM|Li0N.CENTER SAMPLE JULY 1988 NIA 5824165 
‘ 

1160741



Table Environment Canada (HYDAT) discharge stations. 

RIVER NEAR BEA 
NEAR 
BEL 

WILLOW 
3 BEAVER 

CREEK NEAR 

NEAR MOUTH 
CREEK NEAR 

BOW RIVER VERS 
NEAR 

ELBOW RNER 

RIVER NEAR 

NORTH SASKA 
TCHEWAN RIVER BIGHORN 

NEAR 

NEAR 

87. 

1 

502420 
58

1 
11 
1104102
1 

11 
11 11 
1 1 

1
1 

11 1 

11 
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1. 

1 1

1 
1 1 

1 135207
1 
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1 1 

1 1 
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11 
11 

. 1

1 

11 
11
1 
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~ Table A2. Environment Canada (HYDAT) discharge stations (continued). 
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Table A3. 'AEP monitoring stations and matching Environment Canada (HYDA1') flow stations 

1 1AA038
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Table A3. AEP monitoring stations and matching Environment Canada (HYDAT) flow stations (oqntinued). 
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Table A3. _AE_P monitoring stations and matching Environment Canada (HYlfiAT) flbw stations (continued). 
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Table A3. AEP monitoring stations and. matching Environment Canada (VHYDAT) flbw stations
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Table A3. AEP monitoring stations and matching Environment Canada (I-‘lYDAT). flow statigns (continued). 
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Table A3. AEP monitoring stations and matching Environment Canada (HYDAT) fldw' stations (c‘on‘tinue'd).' ’ 

AB07GE001 

ABOTHAOO1
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APPENDIX B 

Meafn monthly flow hydrographs for discharge stations along mainstems _of major 
Alberta rivers
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Figure B1. Mean monthly discharge at Environment Canada (HYDAT) stations along the South 
Saskatchewan, Red Deer, North Saskatchewan and Bow rivers. Data from each station are 
historical means forthe entire period of discharge monitoring. ‘
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Figure 32. Mean monthly discharge at Environment Canada (HYDAT) stations along the Elbow. 
Highwood, Sheep, Oldman and Athabasca rivers. Data from each station are historical means for 
the entire period of discharge mon_it_oringg.
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Figure 83. Mean monthly discharge at Environment Canada (HYDAT) stations. along the l\/igiglk, 

Peace, Wapiti and Smoky rivers. Data ‘from each 'stat_i_o_n are historical means for the entire period 
of discharge monitoring. .
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APPENDIX C 

Correlation matrices of water quality and flow parameters in instantaneous and 
seasonal databases
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Table C1 . Pearson correlation coefficients for variables used as predictors of instantaneous epilithic and 
"n.s_." denotes non-sig'nifica'nt (P > 0.05) 

bles are In- - 

planktonic chlorophyll_ a i_n multiple regression models. 
coefficients. Abbreviations defined in text- Variable unit_s according to Table 2. All varia 

transformed. ~~~ TP 0.77 0.64 0.28 0.53 0.59 0.34 . 0.65 0.32‘ 

TDP -- 0.52 0.39 0.53 0.54 0.41 0.21 0.17 0,25 0.14 

TKN - 0.16 0.56 0.86 0.32 0.14 0.37 0.37 0.11 

NO2+NO3 
' 4 0.51 0.56 0.94 0,12 0.06 0.04 0.22 

NH3(dis_solved') 
' — 0.66 0.71_'0.2s 0.13 0.11 0.17 

TN _ 

- 0.67‘ 0.17 0.29 0.27 0.14 

D[N . 

- 0.20 n.s. n.s. 0.09 

ms ' — -0.12 -0.12 -0.02 

Turbidity 
« v- 0.85 0.35 

NFR - 0.-34 

Flow _

- 
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Table C2. Pearson co.rrelation'coefficients for variables used as predictors of season_a_l mean epilithic 
and planktonic chlorophyll a in multiple regression models. “n.s." denotes non-significant (P > 0.05) 
coefficients. Flow subscripts denote the type of flow (annual mean = ann, anjn.ua_l maximum = max, 
seasonal mean = sea). All otherabbreviations defined in text‘. Variable units according to Table 2. All 
variables are In-transformed. «

J

~ 

~~~ ~ 0.74 0.67 0.38 
_ ._ 

. . 

-‘ 0.62 0.53 0.61 0.61 0.50 0.21 
_ 

0.32 0.40 0.17 0.14 
_ 

0.19 
.-" 0.25 0.49 0.89 0.30 0.21 0.54 0.50 n.s. n.s. 0.13 

- 0.49 0.58 0.94 0.33 0.13 0.19 0.15 0.16 0.15

~ 
n.s. .‘n.s. 0.66 0.69 0.27 0.31 0.33 ~ ~ ~ TP - 0.69 0.59 . . 

TDP - 0.53 0.29 0.58 0.23 n.s. 0.17 0.24 n.s. n.s. 0.11 

TKN - n.s. 0.51 0.87 n.s. n.s. 0.37 0.38 n.s. 0.12 n.s. 

NO2+.NO3 - 0.30 0.35 0.94 0.26 n.s. n.s. 0.18 0.21 0.23 

NH3(diss) - 0.55 0.53 0.27 0.25 0.31 v n.s n.s. n.s. 

TN - 0.50 n.s. 0.27 0.3.3 n.s. 
_ 
n.s. n.s. 

DIN 
_ 

A 

- 0.33 n.s. n.s. n.s. n.s. n.s.- 

TDS ‘ ’ 

. 
_ 

- -0.27 -0.231 0.27 n.s. n.s. 

‘Turbidity ’ 

' 
' 

2 

- 0.89 0.43 0.39 0.41 

NFR 
‘ 

- 0.25 0.29 0.28 

.Flow,,,,, 
- 0.89 0.92 

How,,,,,‘ _ 

- 0.97
~ ~ "0342 0.52 "0.30 

- 0.45 0.48 0.62 0.56 0.52 n.s. 0.10 0.24 0.14 0.16 0.15 
- 0.12 0.60 0.76 0.35 0.59 0.34 0.48 n.s_. n.s. n.s. 

-- 0.50 0.61 0.94 -0.35 n.s. "n.s. n.s. 0.13 0.15 
- 0.68 0.70 0.20 0.32 0.32 n.s. n.s. n.s." 

- 0.70 n.s. 0.34 0.34 n.s. n.s. n.s." 

- n.s. n.s. 0.31 -0.29 n.s. n.s. 

- ’ n.s. 0.70 n.s. n.s. n.s. 

- 0.77 0.33 "0.32 0.34 
- ' 0.15 0.13 0.16 

- 0.89 0.77 
- 0.94 
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Table C2 (continuéd)

~ 0.76 0.64 0.31 0.49 0.62 0.29 n.s. 0.66 0.71 0.31 0.26 0.33 

TDP - - 0.53 0.44 0.57 0.59 0.42 n.s. 0.24 0.31 0.13 
_ 

0.13 0.15 

TKN ' - 0.12 0.53 0.84 0.24 0.40 0.44 0.48 0.06 0.04 0.09 

NO2+NO3 _ 

- 0.43 0.52 0.94 -0.13 0.09 0.14 0.12 0.16 0.18 

NH,,(diss) 
- 0.61 0.64 0.28 0.33 0.33 0.14 0.16 0.18 

TN -» 0.62 n.s. 0.37 0.38 n.s. 0.08 
_ 

0.11 

DIN - '~0.25 n.s. 0.17 n.s n.s. n.s. 

TDS -- 0.11 0.43 n.s. n.s. n.s. 

Tujrbidity e 0.86 
_ 

0.37 0.31 0.38 

VN'F'R 
- 0.22 0.1__8 0.26 ' 

Flowm 
- 0.89 0.83 

Flow”, 
' - 0.93 

Flow,“
-

O 
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