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Management Perspective 

The Great Lakes Water Quality Agreement lists 14 possible impaired uses of 
an Area of Concern (AOC) that the Remedial Action Plan (RAP) must examine (Stage 
1) and if impairment is observed then remedial actions should be determined 
(Stage 2). One of the 14 impairments is the loss of fish habitat. The 
listing/delisting criteria for an AOC stipulate that the loss of fish habitat 
must be due to water quality. The magnitude of fish habitat loss in the Great 
Lakes is large but how much of that loss is due to water quality is unknown. 
lf the loss in habitat due to water quality could be quantified, then 
establishing habitat targets and water quality goals are also possible (Stage 
2). One aspect of fish habitat that is affected by water quality is the extent 
of aquatic plants in the littoral zone. An approach, using a Geographical 
Information System (GIS), has been developed,in the Hamilton Harbour AOC which 
can determine if aquatic plants are limited by water clarity, thereby fulfilling 
the Stage 1 requirement. Habitat targets can be established by determining 
aquatic plant productivity and distribution when water clarity is assumed to meet 
the provincial water quality objective (within 10% of background when background 
is assumed to be early winter water clarity least affected by algal chlorophyll). 
Improvements in water clarity can be evaluated for their effect on aquatic plant 
productivity and distribution. Options can be compared and chosen (Stage 2). 

Water clarity in the Hamilton Harbour RAP area is definitely affecting the 
quantity and productivity of submergent plants. The analysis predicts a 1988 
total submergent plant area of 133.5 - 139.5 ha. The provincial water quality 
objective for water clarity would result in 432 — 513 ha of submergent plant 
area. The increase is approximately 300 - 380 ha more than is presently 
occurring in the Hamilton Harbour RAP area. Therefore, the Stage 1 RAP 
requirement that the loss of fish habitat be due to water quality has been 
confirmed and targets, which is a Stage 2 requirement, have been established. 

Very optimistic water clarity improvements as a result of remedial options 
under discussion could increase the present total area to 210 — 220 ha, an 
increase of approximately 70 — 80 ha. The remedial options under discussion 
should be implemented and. water clarity improvements and habitat response 
assessed. The habitat targets for submergent aquatic plants will not be achieved 
by the present suite of remedial options and further water clarity improvements 
through phosphorus and suspended solids loading reductions will likely be 
necessary.



Perspectives de la direction 

On trouve dans 1'Accord relatif a la qualité de l'eau dans les Grands Lacs, 
14 aspects potentiellement endomnagés d'un secteur préoccupant sur lesquels le 
Plan de mesures correctives doit se pencher (étape 1); si on observe des 
dommages, alors i1 faut déterminer les mesures correctives 5 apporter (étape 2). 
L'un de ces 14 aspects touche la perte de l'habitat des poissons. D'aprés les 
critéres d'inclusion sur la liste des dommages, ou d'exclusion de celle-ci, pour 
un secteur préoccupant, la perte de l'habitat des poissons doit étre liée a un 
probléme de qualité de l'eau pour y étre inscrite. L'ampleur de la perte des 
habitats de poissons dans les Grands Lacs est considérable, mais on ne connait 
pas la part de cette perte qqi est liée A des problémes de qualité de 1'eau. Si 
cette part pouvait étre quantifiée, alors il serait possible de déterminer des 
objectifs de qualité d'eau et des cibles en matiére d'habitat (étape 2). L'un 
des aspects de l'habitat des poissons touché par la qualité de l’eau 2 la 
superficie occupée par l’herbier dans la zone littorale. On a mis au point une 
méthode pour le secteur préoccupant du port d’Hamilton qui, a l'aide d'un Systéme 
d'information géographique (SIG), permet de déterminer si les plantes aquatiques 
sont limitées par la transparence de l'eau, ce qui répond aux exigences de 
l'étape 1. On peut déterminer des cibles pour les habitats en évaluant la 
distribution et la productivité des plantes aquatiques si l'on suppose que la 
transparence de l’eau répond aux objectifs provinciaux de qualité des eaux (5 
moins de 10 Z de la transparence naturelle, quand on suppose que celle-ci 
correspond a la transparence du début de l'hiver la moins touchée par les algues 
chlorophylliennes). Les améliorations de la transparence de 1'eau peuvent étre 
évaluées en terme de leurs effets sur la distribution et la productivité des 
plantes aquatiques. On peut comparer les options et en rétenir certaines 
(étape 2). 

La transparence de l'eau dans le secteur préoccupant du port d'Hamilton a 
de toute évidence un effet néfaste sur la quantité et la productivité des plantes 
submergées. D'aprés l'ana1yse, la superficie totale des plantes submergées 
serait de 133,5-139,5 ha en 1988. Si on fespectait 1'objectif provincial de la 
qualité de l'eau, en ce qui a trait 5 la transparence, la superficie passerait 
5 h32—5l3 ha. La superficie réelle dans le secteur préoccupant du port 
d'Hamilton est a l'heure actuelle de 300-380 ha inférieure 5 cela. L’exigence 
de 1'étape l du Plan de mesures correctives voulant que la perte de l'habitat de 
poissons soic due a la qualité de l'eau a donc été confirmée et les cibles, 
exigence de l'étape 2, ont été établies. 

Des améliorations trés considérables de la transparence de l'eau, suite aux 
mesures correctives 5 l'étude, pourraient faire augmenter la superficie totale 
actuelle 5 210-220 ha, une augmentation d'efiviron 70-80 ha. Les mesures 
correctives a l'étude devraient étre mises en application et les améliorations 
5 la transparence de l'eau et A l'habitat devraient étre évaluées. L'application 
de la présente série de mesures correctives ne permettra pas d'atteindre les 
cibles en matiére d'habitat pour les plantes aquatiques submergées; il faudra 
probablement améliorer encore plus la transparence de l'eau par des réductions 
de la charge en phosphore et en matiéres solides en suspension.



Establishing Habitat Goals and Response in an Area of Concern using a 
Geographic Information System 

Scott Painter 
Lakes Research Branch 

National Water Research Institute 

INTRODUCTION 

The Great Lakes Water Quality Agreement lists 14 possible impaired uses of 
an Area of Concern (AOC) that the Remedial Action Plan (RAP) must examine (Stage 
l) and if impairment is observed then remedial actions should be determined 
(Stage 2). One of the 14 impairments is the loss of fish habitat. The 
listing/delisting criteria for an AOC stipulate that the loss of fish habitat 
must be due to water quality. Loss of fish habitat in the Great Lakes is a 
serious concern due to the magnitude of the loss, however how much of that loss 
is due to water quality is unknown. If the loss in habitat due to water quality 
could be quantified, then establishing habitat targets and water quality goals 
are also possible (Stage 2). An approach, using a Geographical Information 
System (GIS), has been developed in the Hamilton Harbour AOC which can determine 
if aquatic plants (fish habitat) are limited by water clarity, thereby fulfilling 
the Stage l requirement. Habitat targets can be established by determining 
aquatic plant productivity and distribution when water clarity is assumed to meet 
the provincial and IJC water quality objective (within 10% of background when 
background is assumed to be early winter water clarity least affected by algal 
chlorophyll). Improvements in water clarity can be evaluated for their effect 
on aquatic plant productivity and distribution. Options can be compared and 
chosen (Stage 2). 

METHODS 

The GIS analysis requires detailed information on bathymetry and spatial 
water clarity for the areas involved. Aquatic plant response to water clarity 
can be determined in two ways. Several studies have reported an empirical 
relationship between the maximum depth of colonization (Zc) and Secchi depth. 
The spatial Secchi depths can be converted into a Zc using the empirical 
relationship. If the bathymetric map shows that the area in question is 
shallower than the Z: then aquatic plants will be present but if the area is 
deeper than the Z: then aquatic plants will be absent. Using a GIS to perform 
the analysis, a map would be derived that would illustrate presence or absence 
of aquatic vegetation from the spatial maps of Secchi depth and depth contours. 

The second approach would rely on photosynthetic response curves which are 
well understood and reported for several species of aquatic plants in the 
literature. The spatial Secchi depths can be converted into extinction 
coefficients. The extinction coefficient, seasonal average daylight incident 
light intensity and depth map can calculate an average daily light intensity at 
the sediment surface. The light intensity can then be converted into a relative 
productivity rate (V/V;m<) for single species or groups of aquatic plants. The 
advantage of the relative productivity analysis is that the results can be 
classified into sparse, low, moderate, and high productivity classes thereby 
yielding more information than the Zc analysis.
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The two approaches can be used to confirm the results of each analysis. The 
total area of aquatic plants predicted by both methods should be similar since 
the empirical Zc analysis is based upon the photosynthetic capacity of aquatic 
plants. 

Sediment Elevation Maps 
_

J 

Sediment elevation contour maps were derived for Grindstone Creek Delta, 
Sunfish Pond, the Elbow, Cootes Paradise, Westdale Cut, and Hamilton Harbour 
(Figure 1). The depth contour intervals chosen were 10 cm for the Grindstone 
Creek areas and Westdale Cut, l5 cm for Cootes Paradise, and 30 cm for Hamilton 
Harbour. The contour intervals were chosen to provide less than 10% error in 
the estimate of aquatic plant response as described later. The navigational 
chart for Hamilton Harbour was adequate for deriving vectors for the depth 
classes chosen. The remaining areas had to be visited and echosounded to 
determine precise depth contours. The depth contours were digitized as arcs 
and nodes using TYDIG and exported into SPANS, a GIS software package from TYDAC. 

Water level fluctuations influence aquatic plant distribution patterns and 
result in emergent and submergent vegetation occupying specific depth ranges. 
Emergent plants were confined to sediment elevations of 74.7 m and higher which 
is the late July Lake Ontario average water level. Submergent plants were 
confined to elevations of 74.4 m and lower. The 74.4 m elevation is the November 
- February average water level in Lake Ontario. Mudflats occupy the intermediate 
elevations (7h.7 - 74.4 m). A more detailed discussion of the effects of 
seasonal water level fluctuation and the rationale for the above elevation 
restrictions is included in Painter et al. (1989) but basically the elevations 
chosen are based on existing knowledge of emergent plant response to summer 
and/or winter flooding, and submergent plant response to ice scouring, wave 
action and late summer drawdown. 

t 

Secchi Depth Maps 

Secchi depth maps were developed from 1988 spatial surveys of Grindstone Creek 
Delta, Cootes Paradise and Hamilton Harbour. Westdale Cut, Sunfish Pond and the 
Elbow did not require a spatially variable Secchi depth map because the 1988 
survey did not observe spatially variable water clarity in these three areas 
probably because of their small size. Simulated Secchi depths depicting improved 
water clarity were generated by examining the 1987-89 data. The Z: and 
productivity analyses were performed on at least five Secchi depth scenarios. 
The 1988 Secchi depth spatial pattern was used for the first analysis; the 90% 
of background Secchi depth as determined by late winter values or upstream values 
in the case of the stream sites was used in the last analysis. The other 
analyses were performed at intermediate Secchi depths scenarios and were again 
based on observed spatial patterns of Secchi depth. The last scenario, using 
a uniform background Secchi depth, was used to derive the habitat targets for 
each area.

2
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Maximum Depth of Colonization (Zc)
J 

In order to predict the maximum depth of colonization of aquatic plants, the 
equations of Chambers and Kalff (1985), Canfield et al. (1985), Spence (1976), 
and Chambers and Prepas (1988) were compared (Figure 2). The raw data from over 
200 lakes was examined in the 0 - 4 m Secchi depth range to determine the 
suitability of the various equations in predicting Zc. The chosen equation had 
to work well in this Secchi depth range because aquatic plant response was to 
be predicted in turbid water bodies. The equation of Chambers and Kalff (r = 
0.76, Zc = (1.33 * log(secchi) + l.40)2 was determined to be the best predictor 
of'Z-r

C 

The empirical relationship could also be used to determine the intervals 
required for the depth contours to detect an aquatic plant response to increasing 
water clarity. For example, for an allowable error of only 10%, if the Secehi 
depth was 2 m, the Zc would be 3.5 m and the depth contour interval would have 
to be at least 35 cm (Figure 3). If the Secchi depth was l m, the Zc would be 
2 m and the depth contour interval would have to be at least 20 em. As water 
clarity improves, the necessary depth contour interval increases. A very turbid 
water body would require very small depth contour intervals in order to predict 
an aquatic plant response with only 10% error. 

Relative Productivity Analysis 

Relative productivity response to light, half-saturation coefficients and 
light compensation constants are available for a number of common aquatic plant 
species. Figure 4 illustrates the relative productivity response of Myriophyllum 
gpicatum and Hydrilla verticillata as reported by Van et,al. (1976) and the 
Monod—Droop equation to fit the data. Figure 4 also illustrates a generic plant 
response to light which is intermediate between the two species. The Monod- 
Droop equation for productivity is as follows: 

Pmax = <1/(1 + 1<,_>> * <1- (LC/1)) 
where 

Pnk = Relative productivity 
I = light intensity (HE m4 sec“ ) - 

k_ = operationally defined to ensure %'{"x equal to reported value 
LC = light compensation constant 

(g VMX and LC are specific for each plant species) 

Table 1 shows the km and LC values for Myriophyllum gpicatum and Hydrilla 
verticillata and the generic plant.

3



Table 1: Selected LC, km and % Vkfl values used in Productivity Equation 

LC 5- Vuax km 

Myriophgllum spicatum 35 120 50 
Hydrilla verticillata 15 80 50 
Generic 25 100 50 

Light intensity at the sediment depth was calculated (using the following 
equation: 

Ib = e'In(PAR)-(o><t."inct‘lor\ coefficient " depth) 
ottom 

where PAR = photosynthetically available radiation 
V at the water's subsurface (HE m“ sec“ ) 

The surface PAR was determined using daily averages of hourly recordings between 
June lst and August 31st, from data collected over a nine-year period (1977- 
1985). The average daily light intensity determined from the nine years of data 
was 700 UE m” sec“- Subsurface PAR was determined by deducting 10% from the 
surface PAR. The extinction coefficient was calculated using the following 
regression equation: 

Extinction Coefficient = (1.63/Secchi depth); r’=0.90. 

This regression equation was derived from three years of observations in Hamilton 
Harbour and Cootes Paradise and suggests that Secchi depth occurs at a depth that 
receives 19.5% of the incident photosynthetically available radiation. Secchi 
depth has been observed to occur between 15 and 20% of incident radiation 
(Vollenweider, 1969). 

The relative productivity response was classified into 25% productivity 
classes (sparse, low, moderate, or high) which provided another series of maps 
predicting relative plant productivity at observed and simulated Secchi depths. 
An area analysis of the relative productivity maps provided the individual 
productivity class areas as well as the total aquatic plant area. The total 
areas for the Zc and relative productivity analyses were compared to confirm the 
analyses. 

RESULTS AND DISCUSSION 

The two methods of predicting aquatic plant response to improved water clarity 
were comparable (r2=0.98), yielding similar total aquatic plant areas (Table 2). 
The relative productivity analysis is the preferred. method because of the 
increased amount of information provided (Figure 5). The productivity classes 
could be used in fish habitat suitability analyses. The sparse productivity 
vegetation is of little value to pike for example and the high productivity areas 
may be of little value if it occurred in shallow water.
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The emergent plant area is not affected by water clarity but is affected by 
bathymetry. The present bathymetry and water level fluctuation in Lake Ontario 
restricts the amount of emergent plant area to only the present small area. 
Restoration of emergent vegetation will not occur due to improvements in water 
quality. 

Water clarity in the Hamilton Harbour RAP area is definitely affecting the 
quantity and productivity of submergent plants. The analysis predicts a 1988 
total submergent plant area of 133.5 — 139.5 ha. The provincial water quality 
objective for water clarity would result in 432 — 513 ha of submergent plant 
area. The increase is approximately 300 - 380 ha more than is presently 
occurring in the Hamilton Harbour RAP area. Therefore, the Stage 1 RAP 
requirement that the loss of fish habitat be due to water quality has been 
confirmed and targets, which is a Stage 2 requirement, have been established. 

Very optimistic water clarity improvements as a result of remedial options 
under discussion could increase the present total area to 210 — 220 ha, an 
increase of approximately 70 — 80 ha. The remedial options under discussion 
should. be implemented and water clarity improvements and habitat response 
assessed. The habitat targets for submergent aquatic plants will not be achieved 
by the present suite of remedial options and further water clarity improvements 
through loading reductions will likely be necessary.
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Table 2: Area Analyses of Study Areas 
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Figure 1 Study areas for habitat response analysis 
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