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MANAGEMENT PERSPECTIVE 

The Stakeholders for the Hamiltoniflarbour Remedial Action Plan 
have two enhanced use goals which depend on water clarity. 
Swimming in the Harbour is one of the goals but a survey of 
nearshore water clarity has never been performed. Four nearshore 
areas in the Harbour were sampled throughout the 1988 season to 
determine the frequency of violationsi of the water clarity 
objective. The Lasalle Park area along the north shore had the 
fewest violations but water clarity'will still have to be improved. 
Improved fish habitat and hence aquatic plant abundance is the 
other enhanced. use goal which his affected by ‘water clarity. 
Graphical models were developed to predict the response of aquatic 
plant distribution and production to changes in Secchi disc 
transparency. Remedial actions proposed for the next 20 years will 
likely improve Secchi depth by 40 cm and thereby increase aquatic 
plant distribution by 11 hectares from the present 85 hectares and 
improve plant production by 8%. This information will be provided 
to the Hamilton Harbour Stakeholders to assist them in their 
remedial action discussions. The modelling approach can also be 
applied to other Areas of Concern.
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PERSPECTIVES-GESTION 

Les dépositaires du plan de redressement du port de Hamilton 

(Stakeholders for the Hamilton Harbour Remedial Action Plans visent 

deux améliorations dependant de la clarté de 1'eau. L'une est la 

baignade dans 1e port, mais il n'a jamais été fait d'étude sur ce 

sujet des eaux sur le bord. Des échantillons out été pris pendant 

la saison 1988 dans 4 zones sur 1e bord du port afin d'y determiner 

la fréquence des infractions 5 cet objectif de clarté de 1'eau. La 

zone du parc LaSaI1e, sur la rive nord, en avait 1e moins, mais la 

clarté de 1'eau doit encore y étre amélioréeq L'autre objectif est 

d'amé1iorer 1'habitat pour les poissons, donc 1'abondance de 

plantes aquatiques. On a développé des modeles graphiques pour 

prévoir 1a reaction de la distribution et de la production de 

plantes aquatiques aux changements de transparence Secchi. Les 

mesures correctrices proposées pour les 20 prochaines années_ 

devraient améliorer la profondeur Secchi de 40 cm, done accroitre 

de 11 hectares les 85 hectares de distribution actuelles de plantes 

aquatiques, et améliorer la production de plantes de 11 Z. Ces



informations seront données au groupe pour 1'aider dans ses 

discussions sur les mesures correctrices. Cette approche de 

modélisation peut aussi s'app1iquer 3 d'autres secteurs 

préoccupants.



. \. Water. ~cl‘arity~, in .»Hami»l-ton -Harbour was-~~~measured~‘spatially -and 
seasonally during 1988. The mean summer Secchi disc transparency 
in the center of the Harbour was 157 cm. Secchi disc transparency 
decreased towards shore and the degree of impairment depended on 
the proximity to sources of silt. Algae are responsible for 
approximately 70% of the water turbidity but their importance 
decreases towards the western end of the Harbour until they are 
responsible for only 20% of the water turbidity problem in the 
Grindstone Creek delta. Graphical mode-ls were developed to 
illustrate the relative importance of chlorophyll and mineral 
concentrations to the Secchi depth. Aquatic plant distribution and 
production in five nearshore zones i_n the Harbour were predicted 
as a function of Secchi depth. Over the next 20 years, remedial 
actions to improve water clarity will likely improve the Secchi 
depth by 40 cm and the distribution and production of aquatic 
plants will increase by approximately 11 hectares and 8%, 
respectively.
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ntsuut 

On a effectué en 1988 des mesures, dans 1'espace et par saison, de 

la transparence de 1'eau dans le port de Hamilton. Dans 1e centre 

du port, la transparence moyenne au disque de Secchi était 

157 cm. Cette transparence diminuait quand on se rapprochait de la 

rive, et 1e degré de réduction dépendait de la proximité des 

sources de limon. Des algues sont responsables d'environ 70 Z de 

la turbidité de 1'eau, mais leur importance décroit vers 

1'extrémité ouest du Port et, dans 1e delta du ruisseau Grindstone, 

elles n'y contribuent qu'i 20 Z. On a développé des modéles 

graphiques qui illustrent les importances relatives des 

concentrations de minéraux et de chlorophylle dans la profondeur de 
disparition du disque de Secchi. On a prévu, en fonction de la 

profondeur Secchi, la production et la distribution des plantes 

aquatiques dans cinq zones littorales du port. Dans 1es 20 

prochaines années, les mesures prises pour accélérer la 

transparence de 1'eau devraient améliorer de 40 cm la profondeur 

Secchi, et faire augmenter la distribution et la production de 

plantes aquatiques d'environ 11 hectares et 8 Z respectivement-
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' INTRODUCTION " 

-._ »Historically, Hamilton Harbour supported generous and diverse 
populations "of fish and wildlife but‘ ‘industrialization, urban 
development, and waste disposal practices have degraded.the aquatic 
ecosystem of Hamilton Harbour. The morphology of the Harbour has 
changed drastically since the early 1800s (COA, 1988). ,As of 1985, 
15.2% of the original aquatic vegetation along the north shore of 
the Harbour has been lost. Restructuring of the entire 49.6 km 
south shore (from Desjardins Canal to the Burlington Canal, 
excluding Windermere Basin) has resulted in an 85.5% loss of 
littoral vegetation. These losses have amounted to an overall 
reduction of 68.6% of the original vegetated shoreline. Whillans 
(1979) concluded that the loss of the marsh vegetation along the 
south.shore was major factor that contributed to the decline of 
the warmwater fishery.

_ 

The Harbour is one of 42 areas of concern in the Great Lakes 
Basin. The provincial and federal governments are committed to 
develop a Remedial Action Plan (RAP) to improve water quality and 
restore the beneficial uses of the Harbour. The Stakeholders 
(representatives of industries, 

p 

local governments, and 
organizations who have a vested interest in the Harbour) compiled 
a list of principles, goals and beneficial uses that became the 
foundation of the RAP for the Harbour. Two of the enhanced 
beneficial uses the Stakeholders identified depend on water 
clarity. Swimming, one of the desired beneficial uses, requires 
a Secchi depth of 1.2 meters in nearshore waters. An adequate 
survey of seasonal water clarity in the nearshore zone has never 
been performed. Another beneficial use determined by pthe 
Stakeholders was improved fish habitat. By improving water 
clarity, submergent aquatic plants may increase in area and density thus improving fish habitat. 

Past studies on the Harbour's water clarity focused primarily 
on the contribution of chlorophyll to water clarity and did not 
take into consideration the contribution of silt due to sediment 
resuspension and soil erosion in the watershed. Therefore, we 
examined the seasonal and spatial patterns in water clarity in the 
nearshore and offshore waters of the Harbour to assess the current 
conditions affecting swimming and submergent plants. Chlorophyll, 
seston and mineral concentrations in the water column were also 
measured to determine the relative contributions of silt and algae 
to the Secchi disc transparency. The information is necessary to 
predict the response of the Harbour to various remedial actions 
currently proposed for the achievement of the beneficial ' uses 
desired by the Stakeholders. 

Beginning in mid July of 1988, the Hamilton Wentworth Sewage 
Treatment Plant (STP) conducted a pilot study to assess the 
effectiveness of adding pickle liquor to the treatment process in 
an effort to remove phosphorus. This project, initiated as part 
of the RAP and Great Lakes Water Quality Agreement, proved to be 
successful at removing 50% of the total phosphorus from the
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discharge. ..T,he,pilot project. also reduced seston loading from ‘the 
-Hamilton.-ISTP by V-approximately 50%- The last months--‘of the ‘I988 data were examined ‘todetermine ‘if a response ‘in water clarity could be detected.

. 

METHODS 
Water samples were collected at twelve locations, 29 times between April T11 and November 1988 at approximately weekly 

intervals. The sampling locations and relevant landmarks are 
illustrated in Figures la and lb. The sampling locations, were chosen to elucidate the factors responsible for the seasonal and 
spatial variability in water clarity and the effect of inputs from 
creeks, STPs and industry. 

Surface water was collected from each station and analyzed for total chlorophyll. using the method of Burnison (1980). The 
chlorophyll concentra'tion uncorrected for phaeophytin was also 
calculated using the Talling and Driver (1963) equation. This form 
of chlorophyll. was used to assess the relative contribution of 
algae to the Secchi disc transparency ‘because it takes into account 
that living as well as dead or decaying algal cells contribute to 
the water clarity. seston and mineral concentrations were measured 
by filtering known volumes of water through Whatman GFC filter 
papers. The mineral content was determined by muffling the total seston at 550°C for 2 hours.

A 

At each sampling location, Secchi disc transparency and vertical extinction coefficients were measured. Transects of 
Secchi depths were measured in 1.5, 2, 5 and 10 metres of water at stations 1 and 4 and in 2 and 5 metres of water at station ll _to ascertain if shoreline processes affect water clarity. Secchi disc transparencies were also regularly monitored at stations SB, 12-A, 
12¢, 14A, 148 and to a_ lesser extent at the canal to verify and strengthen the spatial variability observations within the Harbour. 

The vertical extinction coefficients were determined with a Biospherical Instrument Profiling Quantum Scalar Irradiance system with quantum response in the range of 400 to 700 nm. T-he 
downwelling irradiance was measured at 50 cm intervals at the open water stations and at 20 cm intervals at the shoreline and Grindstone Creek delta locations. 

Maceina and Shireman (1980) found that the distribution of aquatic vegetation could be estimated using a recording fathometer as the means of detecting their presence, absence and abundance. Using this method, a survey was conducted to quantify the distribution of aquatic vegetation in Hamilton Harbour in 1988. A Lowrance X—l55A echosounder equipped with a 50 kl-Iz transducer was used to detect the presence of submergent vegetation and the location and boundaries were marked on the navigational map. 
The navigational chart for the Harbour was digitized to determine the area of the nearshore zone in one metre intervals,



| 3 

to an average summer depth of 5.7 metres (the 5 metre contour on 
the"map);”'The"nearshore‘area+of"the“Harbour*was=divided“into"five 

u 
zones. ~ '!.t‘he>_zones were: ‘

- 

1) Indian Creek, from CCIW complex to the Burlington Golf and 
Country ¢1ub: 

2) Lasalle Park, from the Burlington Golf and'Country Club to 
Willow Point; ‘ 

3) Willow Cove, from Willow Point to Carrolls Point; 
4) Grindstone Creek Delta, from Carrolls Point to Desjardins 

Canal; 
5) Dundurn Park, from Desjardins Canal to Mccassa Bay. 

The bathymetric data was used to determine the potential area for 
plant colonization in each zone using the methods of Chambers and 
Kalff (1985) and Canfield et al. (1985). 

The relative photosynthesis of Vallisneria americapa and 
Qyriophgllum sgicitum (milfoil) was calculated for each depth 
within a nearshore zone from light relationships described by Titus 
(1979). The available light at each depth for any Secchi depth was 
calculated. from our relationship between secchi depth and 
extinction coefficient for the Harbour. The relative production 
for each zone was determined by summing the relative photosynthesis 
per depth multiplied by the area at that depth and then dividing 
the sum by the total area for the zone times Pmax, ie. ' 

» Relative photosynthesis =<”Py = I V 

per depth Pmaxi I + A 
Relative Production = 2(rel. photo. * area) 

per zone (total area 5 Pmax) 
where Pmax = 1 

1 = light at depth i_n 14E/ma/sec 
w 

A = half saturation constant. 
Precipitation and wind data was provided by the weather 

statig-an located at the Royal Botanical Gardens in Burlington, 
Ontar o. 

RESULTS AND DISCUSSION 
Spatial Patterns -

. 

The water clarity data for the summer period from June 15 to 
September 30 was used to illustrate spatial patterns within the 
Harbour. The summer period was chosen for two reasons. Swimming 
is a long term goal identified in the Remedial Action Plan for Hamilton Harbour (COA, 1988) and hence the summer period was most 
appropriate. The Remedial Action Plan for Hamilton Harbour also 
identified improved littoral fish habitat and hence increased 
aquatic plant abundance as an objective. The period chosen is the growing season for most aquatic plants. Figures 2-7 illustrate
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the spatial patterns of the summer averages of Secchi depth and 
extinction .coef_'fic_ient, yuncorrected. Eand corrected ..chlorop'hy.1l., 
total sest-on"and»-smi-neralfor--stations '1-4, 1:3, and »5 Based ‘onthe 
water clarity data and proximity to sources of sest-on and 
nutrients, our sampling stations could be grouped into 4 zones. 

The best water clarity in the Harbour was at the open water 
station (#1.4) . The average summer chlorophyll concentration was 
34 pg/l and the mineral concentration averaged 1.5 mg/1. Stations 
2, 3, and 13 had similar mineral concentrations, 3 ug/pl higher chlorophyll concentrations and 12 cm lower Secchi depths than 
station 14. In a west to east transect down the centre of the 
Harbour (#13, #14 and #l4A) , Secchi disc transparencies were lower at station 13 but similar at stations 14 and 14A (Figure 8.). 
Although individual water clarity parameters at stations 2, 3, 13 
and 14A were slightly affected by their proximity to sources of 
nutrients and/or silt, the water clarity data suggests that these 
four stations could be grouped together with station 14 as a zone 
of Harbour water least affected“ by sources of turbidity. on 
average, the water clarity in the open water zone including 
stations 2 and 3 would permit swimming according to the provincial 
1.2 metre Secchi depth objective. 

The eastern portion of the Harbour is affected by wave action caused by. the predominate southwest winds and discharges from 
Indian Creek, the Burlington ST-P, two steel industries, the 
Hamilton STP and Red Hill Creek. The stations in the eastern end 
of the Harbour (#1, #1413) had lower Secchi disc transparencies than 
the open water zone. The northeast corner of the Harbour (station 
1) had high mineral and chlorophyll concentrations compared to the 
open water zone. Secchi depth at the shore did not meet the 
objective for swimming. 

- The western shore of the Harbour from Willow Point around to 
the Lax property represented by stations 4, 11, and 12 is affected 
by discharges from Grindstone Creek, Cootes Paradise, and an 
industrial discharge from Stelco located in the channel between the 
Lax property and the CN tracks. The stations in this zone had mean 
summer mineral concentrations of approximately 2.5 mg/l which was 
1 m9/l higher than the open water zone, but much less than the 
Grindstone Creek delta or Cootes Paradise inflow. Despite the fact 
that the chlorophyll concentrations were approximately 5 pg/l 
lower, the Secchi depths were approximately 17 cm poorer than the open water zone. On average, the water clarity was suitable for 
swimming except at the head of the channel between the Lax property 
and the CN tracks. 

The Grindstone Creek delta from Carrolls Point across to the 
Desj ardins Canal and back to the mouth of the Creek (Stations 5/SA, 
6, 7 and 10) is a zone of water with high mineral and chlorophyll 
concentrations. Secchi disc transparency wa poor in this zone 
compared to other zones in the Harbour. The Secchi depth was only 
28 cm at the mouth of the Creek and increased gradually to 70 cm at Carrolls Point. Mineral and chlorophyll" concentrations also
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decreased from the Creek mouth to Carrolls Point. The inflow from 
tpotes.Paradise.through"the‘Desjardins,Canal'hadihighflmineral‘and 
chlorophyll‘ I_=9ncent,ration1s' and" appeared to "affect ' -Secchi" disc 
transparency at Station 5A only. Except for rainfall events, the 
outflow from Cootes Paradise was a well defined plume extending 
approximately 175 metres towards the open Harbour. 

onshore-°ffsh¢_=:e_.£att¢u1s 
Secchi disc transparency can be compared at the following four 

onshore-offshore transects:
A — Station 1 compared to #14 and #14A; - Stations 2 and 3 compared to #14:‘ — Station 4 compared to #13; — Station 11 compared to #13. 

Secchi disc transparency was reduced at Station 1 compared to the offshore stations (#14 8 #14A) even at the 10 metre depth, 900 metres offshore. At 300 metres offshore in 5 metres of water, the Secchi depth was poorer than at the 10 metre station but still met the water clarity objective for swimming. At 50 and 150 metres 
from shore, in water depths of 1.5 and 2 metres, Secchi depth was below 100 cm and violated the swimming objective throughout the 
summer. The high mineral and chlorophyll concentrations suggest that both silt and algae were responsible_for the poor water 
clarity in the northeast corner of the Harbour. - 

.seasonal trends in water transparency at stations 2 and 3 and 
offshore station 14 are illustrated in Figure 9. During the summer 
season, Secchi disc transparency was slightly reduced at stations 
2 and 3 and minor ‘violations of the swimming objective were observed on 3 dates. Station 2, inside the floating-tire wave barrier, and station 3, outside the barrier, had similar water clarity conditions throughout the season. 

Secchi disc transparency at station 4 was measured at four locations within 200 metres of shore at water depths of 10, 5, 3 and 1.5 metres. The average summer Secchi depth at station 13 was similar to the average Secchi depths at station 4 in water depths of 10, 5 and 2 metres. A reduction in water clarity occurred only at the 1.5 metre water depth which was approximately 15 metres from shore (Figure 10). On average, the summer water clarity met the swimming objective although minor violations occurred on three occasions. 
Station 11 was sampled at a water depth of 2 and 5 metres approximately 50 metres from shore. No difference was observed in the Secchi depth between the two water depths but a 16 cm difference was observed between stations 13 and 11 (Figure 11). During the summer period, violations of the swimming objective occurred on 5 of the 15 sampling days. .

‘
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‘ "The 1988 season had two important factors that could have 
influenced water clarity in Hamilton Harbour. For eight weeks 
beginning ~in mid-Hay, .only 10.2 mm of rain fell (Figure 12) 
compared to the norm of 125 mm. During mid—July as the drought 
ended, a phosphorus removal program was initiated at the Hamilton 
STP and continued for the remainder of the year. 

During the drought, combined sewer overflows (CSOs) probably 
were negligible and stream inputs probably'were reduced. Annually, 
the CSOs and streams contribute approximately 40% of phosphorus 
loading and 67% of the suspended solids loading to the Harbour, 
however the actual reduction in phosphorus and suspended solids 
load as a result of the drought cannot be estimated. _The 
phosphorus removal project reduced the loading from the Hamilton 
STP by 50%, thereby reducing the loading of phosphorus from all 
sources by 25%. The pilot project also decreased the suspended 
solids loading from the Hamilton STP by 50%. Therefore, from mid- 
May to mid—July, combined sewers probably did not overflow, stream 
loadings probably were reduced: and from mid—July on, the Hamilton 
STP loadings were reduced by 50%. Both the drought and the pilot 
project may have affected the amount of suspended solids and algae 
in the water column and, therefore, water clarity. 1 

The seasonal patterns of total seston, mineral, Secchi disc 
transparency, and chlorophyll for stations 14, 13 and 5 are 
presented in Figures 13-18. At the open water station (#14), the seston concentrations varied between 5 and 9 mg/l with a summer 
average seston of 6.4 mg/l. The seston gradually decreased to 2 
mg/l by December. Mineral concentrations ranged between 0.3 and 
3 mg/l with an average of 1.5 mg/l during the summer. Mineral 
represented only 20% of the total seston during the"summer. In the late fall, mineral concentrations were similar to the summer'period 
but because seston concentrations decreased, the contribution of 
mineral to total seston increased to 56%. Chlorophyll 
concentrations ranged from to 60 pg/l with algal blooms 
occurring during three periods. chlorophyll gradually declined 
through the fall to 8 pg/l. Secchi depths ranged from almost 200 cm to 120 cm with a summer average of 157 cm. No pronounced 
seasonal depression in water transparency was observed in 1988, however a gradual improvement in Secchi disc transparency began in 
September'with a record Secchi depth of 335 cm observed on November 24/1988. ' 

_ The seston concentrations at station 13 varied between 4 and 
15 mg/l with a summer average of 6.8 mg/l. During the fall, the 
seston decreased to 3 mg/l. Events of high seston at station 14 coincided with events of higher concentrations at station 13. The 
mineral contribution to seston during the summer was 26% and 61% during the fall. Chlorophyll concentrations varied from 7.5 to 110 
pg/1. The concentration peaks in chlorophyll coincided with peaks at station 14. Secchi depth ranged from 80 to 205 cm with a summer average of 148 cm. A gradual rise in the Secchi depth to 295 cm
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.was»- also. .obser.ved-..in . the. fall . ~ 

Station "5 hexperienced high concentrations of seston and 
mineral during the spring and summer compared to the open water 
stations. Seston varied between 10 and 75 mg/l during spring- and summer with a summer average of 23 mg/l, howeverin the fall, the seston concentration dramatically decreased to 3 mg/1.. The 
contribution of mineral to seston was 64 % throughout the season 
which suggests that the character of the seston did‘ not change 
despite the dramatic reduction in concentration. Chlorophyll 
concentrations varied between 10 and 150 pg/1. Secchi depth varied between 25 and 100 cm during the spring and summer and improved in the fall to vary between 100 and 170 cm. The variation in Secchi 
disc transparency would appear to mirror the fluctuations in seston 
and to a lesser extent chlorophyll. Low seston concentrations occurred in September through to November despite receiving 12% more rainfall than normal. 

To ascertain if the drought and phosphorus removal pilot project affected water clarity in 1988, chlorophyll and. mineral 
concentrations and Secchi disc transparencies at station 14 for 
1987 and 1988 were compared (Figures 19‘-21). Chlorophyll concentrations in 1988 were initially higher but decreased during the drought to levels similar to 1987. From the beginning of the pilot project in mid-July and continuing for the remainder of the 
year, chlorophyll concentrations were consistently lower in 1988. From mid-July to late October, the chlorophyll concentration differed by an average of 10 pg/1 between the two years. Except on three occasions, the mineral concentrations were also lower in 
1988. During the pilot project, mineral concentrations were 
approximately 0.5 mg/l lower in 1988 than 1987. Secchi disc transparencies in 1988 at the beginning of the drought were lower than 1987 probably due to the higher chlorophyll in 1988 at that time. As the chlorophyll concentration in.1988 declined to levels similar to 1987, the Secchi disc transparency improved and surpassed 1987 levels, probably because mineral concentrations were lower during the later half of the drought. The pilot project appeared to marginally improve the Secchi disc transparency despite the 10 pg/1 lower chlorophyll concentration. 

A full season's response would be desirable before concluding that the pilot project improved water clarity in Hamilton Harbour. A water quality model developed by Ng (1981) for Hamilton Harbour predicted that the Harbour "s response to a phosphorus loading reduction such as the one achieved by the pilot project would result in' a 27.5% reduction in epilimnetic‘ summer chlorophyll concentrations and a 10 cm Secchi depth improvement (Marshall, Macklin, Monaghan Ltd, 1988). A similar reduction in chlorophyll would also be predicted by a_ iron—corrected Janus-Vollenweider model (COA, 1988). A reduction in chlorophyll of this magnitude would reduce the average summer chlorophyll concentrations to about 25 pg/l from the 1988 summer average of 34 pg/l. Based on our Secchi disc transparency graphical model described later, we would predict an 11.5 cm improvement in water clarity. .
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..Be1ati<>neh.i-.95 betiveen Water Qlatisxlazers ,

_ 

~ ~Regressions ~of -extinction ~coefficient ~and~ Secchi "disc 
transparency against mineral and uncorrected chlorophyll 
concentrations produced statistically significant correlation 
coefficients. The regressions using reciprocal Secchi produced 
higher correlation coefficients and all further regressions 
employed the reciprocal Secchi depth. The data were subdivided 
into the four zones as described earlier and regressions between 
reciprocal Secchi and. mineral, chlorophyll, and mineral plus 
chlorophyll were performed.

_ 

In the open water zone, the correlation coefficients between 
reciprocal Secchi and chlorophyll (0.72), mineral (0.34), and 
chlorophyll plus mineral (0.79) were statistically significant. 
The contribution to the Secchi depth was 69% for chlorophyll and 
31% for mineral using the method described by Bannister (1974). 

Mineral and chlorophyll were both important in determining water turbidity in the western zone. The regression correlation 
coefficients were 0.6 for chlorophyll, 0.68 for mineral and 0.79 
for' both. The proportion of subsurface light attenuated. by chlorophyll and mineral was 44% and 56% respectively. 

The Grindstone Creek delta is a zone dominated by mineral. Correlation coefficients between reciprocal Secchi depth and chlorophyll (0.55), mineral (0.88), and chlorophyll plus mineral 
(0.89) were statistically significant. Eighty percent of the water turbidity in this zone can be attributed to the mineral portion of the total suspended material while only 20% can be attributed to the chlorophyll portion. 

Initially, graphical models for predicting Secchi disc transparency were derived for (the open water, western and Grindstone Creek delta zones. The coefficients in the multiple regression equations were statistically similar. The models for the zones could be combined if the constants in the equations are modified. The constant in the multiple -regression equation theoretically represents the portion of the light lost. by background colour. In Cootes Paradise, Painter et al. (1988) determined that the background colour was.related to the mineral concentration. in the seston. The constants in the multiple 
regression. equations for individual stations ‘were observed. to decrease relative to the average mineral concentration at the stations. By incorporating a constant that varies with the concentration of mineral, we were able to combine the three zones and develop a graphical model for the whole Harbour that predicts Secchi disc transparency from chlorophyll 

_ 

and mineral concentrations (Figure 22 and 23). A regression of the predicted with observed Secchi depths yielded a slope of 1.02 and a regression coefficient of 84%. 
The ‘model effectively illustrates that chlorophyll has a greater effect on the Secchi disc transparency in the Harbour than



9 

in Grind5tone_Creek. This response difference is largely because 
“the fflarbour. has Imuch blower ‘mineral Pconcentrations iandhfhence 
background colour than Grindstone Creek. ~At station 14, an open water station with a summer average mineral concentration of 1.5 
mg/l, a 10 ug/l change in chlorophyll would result in a 15 cm 
change in Secchi depth. If the mineral concentration was to drop 
to 0.5 mg/1, a 10 pg/1 change in chlorophyll would result in a 35 
cm change in Secchi depth. If the mineral concentration was to 
increase to 6 mg/l or more, due perhaps to periods of high soil 
erosion, the chlorophyll concentration would not significantly 
affect water clarity. Even in the open water zone of the Harbour, the amount of mineral in the water column can influence the 
relative importance of chlorophyll to water clarity. 

In the Grindstone Creek delta, chlorophyll plays an even 
smaller role in predicting the theoretical Secchi depth than in the 
Harbour. As illustrated in Figure 23, the Secchi disc transparency 
is relatively unresponsive to changes in chlorophyll. At the mean summer mineral concentration of 15 mg/l at stations 5 and 6, a 
chlorophyll increase of 125 pg/1 would be required to decrease the Secchi depth. by 10 cm. If it were possible to reduce the 
chlorophyll in the Grindstone Creek delta from the summer mean of 
50 pg/l to zero, the Secchi disc transparency would only increase 
6 cm. This effectively illustrates that to improve the water 
clarity of the Grindstone Creek.de1ta, one should concentrate their efforts on reducing the silt load or resuspension in the area. 

Aquatic Plant gesponse to Water_C1a;ity 
The ability to predict the Harbour's response to changes in mineral and chlorophyll concentrations allows us to speculate on how improvements in water clarity will affect those areas most suitable for fish habitat. The improvement of fish habitat was identified by the Stakeholders as part of a primary goal in the RAP for Hamilton Harbour (COA, 1988). If remedial measures were to result in greater light penetration through the water column in the nearshore zone of the Harbour, aquatic plants would respond by increasing in density and distribution. If we ever hope to increase the abundance of desirable fish to the Harbour we need to determine the potential for increasing submergent plant distribution and density in the nearshore zone of the Harbour. It is important to remember, however, that the extent of the subgergent macrophyte cover depends on the morphology of the Har our. 
Chambers and Kalff (1985) and Canfield et a1. (1985) observed statistically significant relationships betweeni Secchi disc transparency and the maximum depth of colonization of submergent plants. Application of these relationships to Hamilton Harbour would predict that there should be 93.5 hectares of submergent vegetation in the Harbour, excluding the Grindstone Creek delta. Our 1988 survey of aquatic plant distribution in the same area observed 85 hectares of vegetation. In 1987, aquatic plants were estimated to occur in approximately 90 hectares throughout the
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Harbour, including the Grindstone Creek delta (CQA. 1988).- The 
.predicted.and actual amount o£.aquatic vegetation agree reasonably 
well given the accuracy~and errors associated with each method. 

The relative production concept described in the methods 
applies the knowledge regarding photosynthetic capacities of two 
typical plant species specifically to Hamilton Harbour. At any 
given Secchi depth, the amount of light at any water depth in the 
Harbour can be calculated. The half saturation constants for 
photosynthesis reported by Titus (1979) determine the relative 
photosynthesis at any'water depth for any Secchi disc transparency. 
Relative production simply compares the sum of the calculated 
photosynthetic responses at all depths to the total area and the 
maximum possible response. 

The predicted response of submergent plant production and 
distribution in the four nearshore zones of the Harbour to changes 
in Secchi depth are illustrated in Figures 24-27. The y axes of the graphs- represent the maximum attainable response in both 
production and area. For example in Figure 25, the total area in 
the Lasalle Park zone is 71.5 hectares. At the 1988 summer average 
Secchi depth of 144 cm, the relationships reported by Chambers and Kalff (1985) and Canfield et al. (1985) would predict aquatic 
plants would occur in approximately 41 hectares. Approximately 46 
hectares of aquatic vegetation was observed. '1 

The response curves for area and relative production of aquatic plants simulated over a 1.2 metre range in Secchi depth 
were almost linear in the four' nearshore zones. The linear 
response in the plant distribution and production is due to the 
uniform contours of the shorelines (Figure 28), Table 1 summarizes the response of the observed and predicted area of aquatic 
vegetation and illustrates the response in area and relative 
production of the four nearshore zones to a 10 cm increase in 
Secchi depth. 

. Table 1 
Observed and Predicted Area of Aquatic Vegetation and 

the Response in Area and Relative Production 
to a 10 cm Increase in Secchi Depth 

Observed 8 Predicted Area yallisgerig & Milfoil Vegetation Area Response Relative Production 
Zone ha ha ha ~% % 

Indian 16 31 
Lasalle 46 41 
Willow 13 12 
Dundurn 10 10 
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_. ., Relative _production, of .milfoil. is .1essx~than,,!alli§geria 
.production because milfoil is photosynthetically-less~e£ficient-at 
‘low'light levels due to its"higher half saturation constant. The 
ygllisnegia production response curves are similar to the area 
response curves. The empirical relationships of Chambers and Kalff 
(1985) and Canfield et al. (1985) are based on the photosynthetic 
response of aquatic plant communities and the similarity in the 
curves is probably because the photosynthetic response of 
yglliggggia is representative of aquatic plants in general. 

The amount of habitat that will be generated in the Harbour 
as a result of a remedial action is difficult to predict because 
no single action will bring about a uniform improvement in Secchi depth throughout the Harbour. For example, the Marshall, Hacklin, Monaghan Ltd. (1988) model predicted that the phosphorus removal pilot project at the Hamilton STP could improve Secchi depth in the open water area of the Harbour by approximately 10 cm. The 10 cm 
improvement in Secchi depth in the open water area would probably 
also occur in the Lasalle area but the Indian Creek, Willow Cove and Dundurn Park areas would probably improve to a lesser extent. To calculate the response of aquatic plants to improvements in offshore water clarity, the Secchi depths at the four nearshore zones were calculated as a factor of the offshore Secchi depth. Figure 29 illustrates the area of submergent vegetation relative to the open water Secchi depth and the change in area of plants to improvements in the Secchi depth. Even though the total area of aquatic vegetation increases with increasing Secchi depth, the incremental change in area decreases as Secchi depth improves due to the bathymetry of the Harbour's nearshore zone. The RAP for Hamilton Harbour discussed various remedial options that would improve water clarity. Over the next twenty years, if the most likely remedial options are implemented (50% phosphorus removal at the Hamilton and Burlington STPs, elimination of combined sewer overflows, and 50% reduction in soil erosion from the watershed), Secchi depth is predicted to increase by 40 cm (COA, 1988). Using Figure 29, a 40 cm increase in Secchi depth will create an additional 10.7 hectares of aquatic vegetation. The resulting total area would be 95.7 hectares compared to the present 85 hectares. Relative production of yallisnegia and milfoil will also increase by 8 and 7%, respectively. _ 

The importance of the Grindstone Creek delta as possible area for fish habitat in Hamilton Harbour (COA, 1988) required a more detailed examination of the potential aquatic plant response. The navigational chart was digitized in 30 cm intervals resulting in the division of the delta into 13 subunits. Each subunit was treated separately in the calculations of plant distribution and productivity. The delta's response to Secchi disc transparency was the sum of its parts. The Secchi disc transparency used in the modelling' was the Secchi depth at station 7. Sedimentation occurred from station 7 to 5 which improved water clarity through the delta. Therefore, the Secchi depth used in each subunit was a factor of the Secchi depth at station 7. For example, the mean summer Secchi depths at stations 7, 6, 5A, and 5 were 28, 53, 62,
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and_~.70-cm_--respectively,-. »and~.if. the simulation was..performed.=,.at a 
Secchi ~--‘depth -of 38 at ---station. -the “Secchi-—~depths -at 
stations 6, '5A, -and 5 were calculated to -be 72, -84, and 95 cm, 
resp.ectively . ~ 

Application of the Chambers and Kalff (1985) empirical 
relationship in the manner described above correctly predicted the 
amount and location of aquatic plants in the delta (ie. the Spit 
Marsh and the lily pads in the centre of the delta). If the Secchi 
depth were to improve 5 to 10 cm at station 7 from the summer 
average of 28 cm, the aquatic plant. habitat is predicted to 
dramatically jump from 4 to 25 hectares (Figure 30). A seston 
decrease of 15 to 20 mg/1 from the 1988 summer average of 53 mg/l at station 7 would be. required to achieve such an improvement in Secchi depth. A soil erosion study of the Grindstone Creek 
watershed if suggested that a 15% reduction in loading could be 
expected with the adoption of conservation tillage practices. If 
loading reductions ca_n be translated directly into concentration 
reductions, the projected 15% reduction of silt from the watershed 
will not be adequate to bring about the 15 to 20 1119/1 reduction in total seston necessary to achieve water clarity suitable for 
aquatic plant growth. A 28 to 38% reduction will be necessary. 

CONCDUSION - 

'1'he tools to predict water clarity in the offshore as well as the nearshore zone of the Harbour are now available. Remedial 
actiOns to achieve swimming in various areas of the Harbour can be reviewed with more confidence. The north shore around L_aSa_lle Park would be an obvious choice to promote swimming because the violations of the swimming water clarity objective were less frequent. x

, 

Aquatic plant distribution will only increase by approximately ll hectares and the production of existing vegetation will improve 
by 8% if a 40 cm improvement in Secchi disc transparency is achieved over the next 20 years. The Hamilton.Harbour Stakeholders will have to discuss if these improvements are sufficient to achieve their enhanced use goal.
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Figure 15 
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Secchi Depth in Hamilton Harbour 
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Response of ‘Submergent Vegetation 
to Changes in Secchi Depth 
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Response ' of Submergent Vegetation 
to Changes in Secchi Depth 
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Response of Submergent Vegetation 
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