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Fic. 1. Location of six rivers studied in 1974. Circled numbers on the
central map lie directly over the river sections in the smaller maps.

40 m and the flow ranged from 2.7 to 1.4 m*/s. Mats
of Cladophora and Potamogeton covered most of the
reaches during their peak growth in summer, indi-
vidual filaments of Cladophora being as long as 6 m.
Daily oxygen fluctuations with maximum concentra-
tions of more than 25 mg/liter at noon and a mini-
mum of 3 mg/liter at night were common at times of
low flow.

To determine the critical nutrient level that facili-
tates maximum growth of plants, we studied six river
systems during the summer of 1974. These were the
Avon, Middle Maitland, Bayfield, Nith, Conestogo,
and Thames, all within a 160-km r of Stratford, Ont.
(Fig. 1). River sections were restricted to areas of
similar substrate and were subject to varying munici-
pal and industrial effluent discharges. The hope was
that a broad range of nutrient loading would provide

us with some low nutrient effect data. Table 1 illus-
trates some general characteristics of the six rivers.

Cladophora glomerata and Potamogeton pectinatus
are the dominant species in these shallow lotic com-
munities. Generally, Cladophora peaks in June and
is succeeded by Potamogeton in July. This lasts until
the end of August when Cladophora usually re-
appears. The succession of these two species is
believed to be due to physical changes in the environ-
ment such as water temperature and photoperiod
(Whitton 1971; Bellis and McLarty 1967).

Methods

Sampling stations were located at about 1.5-km
intervals along the rivers. Each river was visited twice
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Fic. 2. Relation between A, phosphorus in the plant
tissue and phosphorus in the water; and B, total
nitrogen in the plant tissue and total nitrogen in the
water. Cladophora, closed circles; Potamogeton, open
circles. Nitrogen analyses were not conducted in
three of the rivers. Similar results were obtained
using inorganic nitrogen in place of total nitrogen.

Relation Between Nutrients in Plant Tissue
and Nutrients in Water

Figure 2A illustrates the relations between total
phosphorus concentrations in water and in plant
tissue for the two dominant species, Cladophora
and Potamogeton, in the six river systems. Indi-
vidual regression lines for Cladophora and
Potamogeton exhibit a similar slope with regres-
sion coefficients of 0.80 and 0.84, respectively.
When the data were pooled as shown in Fig. 2,
the regression coefficient (r2) improved slightly
to 0.87. The calculated regression line is

[P] tissue = 16 [P] water + 0.67

Since the levels of stored P in the plant tissues
are related to the concentrations of P in the exter-
nal medium, this relation can be best explained
by the theories of a high demand for phosphorus
and the efficient use of phosphorus (Rigler 1964)
in the plant community.

This relationship, however, differs from that
found between P in plant tissue and P in water
for 25 impoundments in southern Ontario (Wile
and McCombie 1972) in that the slope of the
calculated regression line found in the present
study is less by a factor of 6 than that found in
the pond study. This may have resulted because
a) uptake of P through the root systems is prob-
ably much more important in the fertile ponds
than in the rivers; b) only healthy plants were
analyzed in the pond study and their P content
would have been higher than that of dying or
dead plant material (Caines 1965) included in

the river study; and c) the plant species investi-
gated in the pond study were different from those
in the river study with one exception.

Unlike phosphorus, there was no relation be-
tween total kjeldahl nitrogen in plant biomass and
total nitrogen (NO; + NO, + TKN) in water
(Fig. 2B). Similar data have been reported by
other authors (Gerloff and Skoog 1957; Golter-
man 1960; Krauss 1953). From the lack of any
relation of total nitrogen between the two media, it
is apparent that a change of total nitrogen content
in solution may not have a direct effect on plant
growth during times when excess nitrogen exists
in the plant biomass. Accordingly, any interpre-
tation of N:P ratios from water medium in rela-
tion with aquatic plant growth may be misleading.

PREDICTION OF P CONCENTRATION IN WATER

Since growth response to nutrient supply is a
long-term effect, addition of nutrient to flowing
water does not give an instantaneous increase in
plant biomass. Because of the unpredictable varia-
tions in nutrient concentrations a representative
available nutrient value for a certain time interval
requires many analyses. Another approach is to
make a simple prediction based on the empirical
relation of tissue content.

Nutrients in plant tissue are subject to less
fluctuation and remain comparatively more stable.
Quadrat samples along a given transect can be
pooled and 5-10 random transects in a 1-mile
stretch will give us a representative mean P in
plant tissue value. The average nutrient concen-
tration in the plant tissue from two separate
croppings can be used to predict the average P
concentration in water for the corresponding
interval by using the following formula:

[P] = 0.050 [P] — 0.020
( water ( tissue
predicted measured
where [P] water is in milligrams per liter and [P]
tissue is in milligrams per gram dry weight.

Although application of the above empirical
relation requires further testing for other plant
species, it would allow us to minimize the con-
sideration of physical effects such as flow change

and water depth on average nutrient concentra-
tion values.

FIELD DETERMINATIONS OF CRITICAL LEVELS
FROM TISSUE CONTENT

The critical level of an element in plant tissue
is defined as the minimum concentration of this
element required to promote maximum plant
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A growth rate being realized. However, the total
127 biomass and corresponding dissolved oxygen
I o . fluctuation caused by the plant biomass will de-
Se " pend not only on nutrient concentration but on
107 available substrate area, light penetration, and
91 temperature. With the existing data we cannot
establish nutrient criteria necessary to maintain
8 desirable total biomass and dissolved oxygen
% } + — ) + levels. The critical level of 0.06 mg/liter is valu-
£ 10 20 30 40 50 able to determine the maximum waste load that
§ B(p] mg /g dry wt (in plant tissue) a dralpage area could assimilate which would
5 124 result in maximum growth rate of Cladophora.
¥ L If the headwater land usage is comparable to
o y '55.. 7' m similar polluted areas downstream, then we can
2 10¢ %4 o e use the export figures from the headwater region
E 5 to estimate the background P loading from diffuse
971 . sources in the problem areas. The background P
> 8] concentration can be derived by the equation
o
a

100 200 300 400 500
(N) mg /g dry wt (in plant fissue)

F1G. 4. Relation between A, phosphorus and B,
nitrogen in Cladophora and the daily relative photo-
synthesis.

the growing season, May to June, when measured
production was high: therefore, these low nutrient
plant tissue results do not represent dying plants.

Figure 4B indicates that a critical nitrogen level
lies between 12 and 15 mg N/gram dry weight.
This agrees with Gerloff and Krombholz (1966)
13 mg N/gram dry weight as the critical level for
nitrogen in plant tissue. The low daily relative
photosynthesis values in Fig. 4A are a result of
limiting phosphorus concentrations only, because
tissue nitrogen concentrations were approximately
16 mg/gram dry weight during these observations.
If 1.6 mg P/gram dry weight is taken as the crit-
ical level from field observations, then 0.06 mg
P/liter becomes our critical level in water when
referring to the regression line in Fig. 2A. If tissue
analysis had not been conducted and the regression
line in Fig. 2A were not available, we would have
to rely on an average ambient phosphorus concen-
tration determined from many samples. Such data
are available and it appears that the critical phos-
phorus concentration determined by this technique
is 0.07 mg/liter (Fig. 5).

ESTIMATION OF MAXIMUM P WAaSTE LOADING
CAPACITY

To avoid excessive growth of Cladophora, phos-
phorus must be maintained well below the cal-
culated critical level of 0.06 mg/liter. The main-
tenance of the ambient phosphorus concentration
at 0.060 mg/liter will result in the maximum

[P]l» = Es X Ad/R (1)

where [P], is the background concentration in
milligrams per liter; Es is the export coefficient in
milligrams-m—2-yr—1; Ad is the drainage area in
m?; and R is the total runoff in liters per year.

Having [P], available, the maximum waste load
capacity can be computed from the following
expression:

w = ([Pl — [P}) X Q (2)

where L,. is the waste load capacity in kilograms;
[P]. is the critical concentration, 60 ng/liter; and
Q is measured, annual flow.

For example, the North Thames River above
St. Marys with 90% agricultural land, has a
drainage area of 1092 km? (Coulson 1967). The
measured total P export coefficient was 18
mg-m~—2+yr-1 (Thames River Report MOE un-
published data) and the mean runoff is 3.77 X
1011 liter/yr, derived by applying 1.0 cfs/mile2
(from Coulson’s [1967] long-term prediction in
southern Ontario watersheds 1956) to the drain-
age area. By employing equation (1) a concen-
tration of 0.050 mg P/liter of the background
load is obtained. From a mean annual flow of
57 cfs (1.6 m¥/s) measured in the basin, the
maximum waste load computed from equation (2)
amounts to 500 kg/yr or 1100 Ib/yr on top of
the background load.

Seasonal phosphorus export coefficients are not
available for the growing period of aquatic
macrophytes (i.e. May—-October), so an annual
export coefficient was applied in the simple ex-
ample above. However, the incorporation of sea-
sonal export coefficients in the above equations
will derive a more accurate background P con-
centration and should be used in practical appli-
cations.
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phytoplankton in a large shallow lake. Int. Rev. plants in southern Ontario impoundments in relation

Gesamten Hydrobiol. 49: 1-61. to phosphorus, nitrogen and other factors. Ont.
WHITTON, B. A. 1971. Filamentous algae as weeds. Sym- Minist. Environ. Toronto, Ont.

posium on aquatic weeds. Eur. Weed Res. Counc. 3: ~ WiLsoN, D. O. 1972. Phosphate nutrition of the aquatic

249-261. angiosperm Myriophyllum ixalbesceus Fern. Limnol.
WILE, [., AND A. M. McCoMBIE. 1972. Growth of aquatic Oceanogr. 17: 612-615.

Terr

Departme

PockLID

Mar
of high
Sedimer
within tl

PockLin

Les
sables &
rapport
combina
le voisin

Receive
Accepte

THE first real inf
marine sediments
Challenger (Mur
been followed by
tions up to and i
Project (Boyce a
samples were tak
basins, and coasta
can Petroleum I
worldwide study
the source sedime
cumulating. Trask
from all types o
ca 100 of which
These did not inc
of St. Lawrence, a
in later work (T

The Gulf, a m
seaboard of Nort
sea of considerab
Gulf, volume == ]
and economic im,
Walton 1975). P
ments were poorl
Fisheries and Maz
studies of the mar
have culminated 1
and sediments o

'Bedford Institute

Printed in Canada (
Imprimé au Canada




