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EXECUTIVE SUMMARY 

This report presents the comparative limnology of Grenadier and Catfish ponds, High Park, 
Toronto, Ontario; and, where possible presents comparisons between our 1983 study and the 
last comprehensive study of Grenadier Pond undertaken by Wainio et al. in 1976. It is our 
intention to provide benchmark data for future comparative studies. 

Our major findings are: 

1.0 PHYSICOCHEMlSTR Y 

1.1 Grenadier and Catfish ponds are highly eutrophic, culturally impacted systems. The 
chemistry of both ponds is heavily influenced by sodium and chloride presumably 
derived from road salting. Sodium and Chloride now comprise an average of 58% and 
43% respectively of major cation and anion equivalences as compared to 16% in Lake 
Ontario and 5% in smalldr inland lakes (Section 5.8.2.). 

1.2 The effects of salting are more severe in Catfish due to its morphometry (Section 4.2.) and 
the system is now meromictic (permanently chemically stratified) (Section 5.1.3.) The 
monimolimnion of Catfish is anaerobic and highly reduced with increased concentra
tions of almost all elements (Section 5.8.). 

1.3 Water quality in Grenadier,as defined by water transparency, has improved substantially 
since 1976. Sec chi depths now extend to over 4m as compared to less than 1m in 1976 
(Section 5.7.4.). Zooplankton species composition points to improved water transparency 
(Section 6.4.2.). Oxygen concentrations arc higher in the epilimnion of Grenadier than 
they were in 1976. Lower waters still go anaerobic, however oxygen remains there 
approximately a month longer than in 1976 (Section 5.3.2.). Changes in pH also suggest 
decresed amounts of photosynthesis and decomposition over 1976 (Section 5.4.1.). 

1.4 Water quality is poor in Catfish. Seeehi depth averages 0.6 m (Section 5.7.2). The lower 
portion of the freely circulating zone of the pond (> 2.5 m) was already low in oxygen by 
the first sampling (4 April, 1983). There was no oxygen below 1.5 m by 4 July (Section 
5.3.3). 

1.5 Of the suite of ~eavy mctals ~alyzed, only copper exceJds the published Ministry guide
line(0.5 mg:r - ). 14.5 mg.m - in Grenadier, 9.0 mg.m - in the Catfish mixolimnion and 
27.0 mg.m- in the Catfish monimolimnion. We feel additional testing is warranted to 
evaluate sources of copper loading (Section 5.8.3.). 

1.6 Potassium is highly elevated in Catfish. We have no explanation for the source of K + 
loading but recommend further testing for any potentially toxic counter ion (e.g. cyanide, 
Section 5.8.2.). 

1.7. Of the suite of organo-contaminants analyzed none were above the limits of detection of 
the techniquc (Section 5.8.4.3). 

1.8 Alternate week sampling provided the same information (mean and standard deviation) as 
weekly sampling (Section 5.8.). 

1.9 We find little evidence to suPPOrt the 1976 observation that Grenadier is "frequently' 
polymictic. Mixing regimes have implications for water column temperatures, oxygen 
concentrations and chemistry. As such they impact on strategies for either species Or 
nutrient management. The polymixis observed in 1976 was associated with unusually 
warm summer conditions; neither it nor they have reoccurred since 1976 (Section 5.2.2.). 
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2.0 BACTERIOLOGICAL WATER QUALITY 

2.1 Only Catfish represents a ·potential health hazard· with fecal coliform geometric mean 
densities in excess of 100 cells per 100mL (Section 5.9.1.). 

2.2 FC/FS (Fecal coliform/Fecal streptococcus) ratios fall between 4 and 0.7 and arc incon
clusive as to the contamination source (Section 5.9.1.). 

2.3 There is a significant (p<.OI) relationship between daily rainfall and fecal coliiorm counts 
at the north end of Grenadier (Station B) (Section 5.9.2.). 

3.0 PLANKTON PROCESSES 

3.1 It was not possible to determine whether nitrogen or phosphorus was the limiting nutrient 
in either pond (Section 5.8.2.). 

3.2 Phytoplankton biomass as either chlorophyll or wet weight biomass is significantly higher 
in CatfISh over Grenadier (Section 6.3.). 

I 
I 

3.3 Zooplankton biomass and fecundity arc higher in Grenadier than in Catfish. Grenadier is I 
dominated first by Cladocera then by Copepoda. CatfISh is consistently dominated by 
Cladocera (Section 6.4.). 

3.4 Daphnia parvula has replaced D. rosea in Grenadier since 1976 and Diaphanosoma sp. has I 
disappeared These species shifts are consistent with improved water clarity, subsequent 
increases in predation pressure from visual predators and increasing competition among 
zooplanktors for food (Section 6.4. and 6.5.). 

3.5 Energy flow patterns are quite dicotomous between the two ponds. Density regulation 
mechanisms for plankton appear to be nutrient based (i.e. nitrogen and/or phosphorous) 
in Catfish. but biologically based (I.t' . zooplankton grazing) in Grenadier. We suggest 
that dilTerences in fish community are responsible but do ~ave adequate data to test the 
hypothesis (Section 6.5). >'\0+ 

4.0 WATERSHED-MARSH OnSER V A TIONS 

4.1 Vegetated marshland in Grenadier analyzed from airphotos reveals little change overall 
since 1976. The north end of the marsh has expanded slightly southward. 

4.2 There are no obvious changes in land usc in the watershed suggestive of increased ero
sion. eIC., that would suggest allochthonous based infilling is occurring in Grenadier 
(Section 2.3.). 

4.3 Construction of the settling pond on the north inflow to Grenadier appears to have 
created an expanding subsurface sediment wedge in the north end of Grenadier Pond 
itself. just below the marsh (Section Z.3.1). 

4.4 We suggest that the 3grcement between an Areal Hypolimnctic Oxygen Deficit (A HOD) 
model and calculated AHOD's in Grenadier is evidence that the majority of production 
in the system is autochthonous (Section 6.1.3.). 

4.5 Airphoto analyses for Catfish reveals a pallern similar to that noted by Wainio el al., 1976, 
in Grenadier: Gross reduction in peripheral marsh over the last 40 years with only 
traces of marsh renuining at the north end of Catfish (Section 2.3.2.). 
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RECOMMENDATIONS FOR FURTHER STUDY 

Seven (7) specific points should be addressed if an y chemical/ nutrient/ spec;es management 
strategies are to be implemented for either Catfish or Grenadier: 

I. The ponds should be extensively re-monitored at approximately 8-10 year intervals. 

2. Additional sampling is necessary to determine sources of high copper concentrations 
in both ponds. 

3. Additional sampling in Catfish is warranted to establish presence/absence of poten
tially toxic potassium counter ions (e.g. cyanide) and to determine sources if found. 

4. Additional sampling is necessary to determine the pattern of nutrient limitation in 
each pond (i.e. tissue analyses. laboratory and/or field limnocorral nutrient manipu
lation). 

5. Additional sampling should be undertaken to determine more detailed population 
dynamics of phytoplankton and zooplankton in the two ponds. 

6. Non-removal based. detailed enumeration (e.g. electrofishing) of the fish community. 
species. and growth rates is necessary to evaluate the extremely dicotomous patterns 
of energy now between the two ponds. 

7. Any potentially beneficial effects from increased ionic strength (Na/ell on metabolic 
costs of organisms should be evaluated. 

DRAFT July 28.1986 HI 



ACKNOWLEDGEMENTS 

We are grateful for field and laboratory assistance from Rob Dalziel, Eddy Jin, Irena Creed 
and Lorraine Leung. We also thank Eddy Jin for additional assistance in analysis of zoo
plankton data; Mr. Bernie Morrison, Toronto Department of Parks and Recreation, for his 
time and allowing us access to Departmental maps and J.G. Howard's papers; and A. Wainio, 
Ontario Ministry of Natural Resources. Special thanks are due to the personnel at the 
Laboratory Services Branch, Ontario Ministry of the Environment, Rexdale; and to Kelly 
Noble for her drafting suggestions and her namingo rendition. 

I 

The financial support of the Ontario Government (Experience '83) and NSERC, the National I 
Sciences and Engineering Research Council is also gratefully acknowledged. 

DRAFT July :8. 1986 iv 

I 
I 

, 
, 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

LIST OF FIGURES P AGE 

Figure 1.1. Geographic location and bathymetry of Grenadier and Catfish ponds. 2 

Figure 2.3.1. Changes in Marsh area in Grenadier pond's north end from 1947 to 1985. 6 

Figure 5.1.1. Grenadier station A: Mean summer hydrolab values. 15 

Figure 5.1.2. Catfish pond: Mean summer hydrolab values. 15 

Figure 5.1.3. Conductivity profiles for Catfish pond (1978-79). 18 

Figure 5.2.1. Depth-Temperature plot: Grenadier pond station A, 20 

Figure 5.2.2. Depth-Temperature plot: Grenadier pond, summer 1976. 22 

Figure 5.2.3. Depth-Temperature plot: Grenadier pond, summer 1966. 22 

Figure 5.2.4 Relative Thermal Resistence over depth for Grenadier pond: 1966, 1976 
and 1983. •. • .... . . . .•....... . 24 

Figure 5.2.5. Depth-Temperature plot for Catfish pond, summer 1983. 26 

Figure 5.2.6. Dcpth-Temperature plot for Catfish pond. 1978 - 79. 26 

Figure 5.3.1. Depth-Dissolved oxygen plot for Grenadier pond, summer 1983. 29 

Figure 5.3.2. Depth-Dissolved oxygen plot for Catfish pond. summer 1983. 

Figure 5.4.1. Depth-pH plot for Grenadier pond. summer 1983. 

Figure 5.4.2. Depth-pH plot for Catfish pond, summer 1983. 

Figure 5.5.1 Depth-Conductivity plots for Grenadier and Catfish ponds, summer 1983. 

Figure 5.6.1. Depth-ORP plot for Grenad ier pond. summer 1983. 

Figure 5.6.2. Depth-ORP plot for Catfish pond. summer 1983. 

Figure 5.7.1. Depth-Light plot for Grenadicr pond. summer 1983. 

Figure 5.7.2. Depth-Light plot for Catfish pond. summer 1983. 

Figure 5.7.3. Dcpth of 10% Photosynthctically Available Radiation (PAR) against Sec
chi disc depth. . . . . . . . . . . . . . . . . . 

Figure 5.9.1. Fecal coliform counts in Grenadier and Catfish ponds against daily rain-
fall . . .. ... .. . . . . . . . . . 

Figure 6.3.1. Phytopl:!nkton sizc classcs: Grenadier pond station A. 

Figure 6.3.:. Phytoplankton sizc classes: Catfish pond. 

Figure 6.3.3. Correlations among Primary Production. Biomass and Chla according to 
Brylinsky (1980). and in Grcnadlcr and Catfish. 

Figure 6.4.1 Total zooplankton biomass. summer 1983. 

Figure 6.4.: . Copepod:Cladoceran ratios for Grenadier 1966, 1983 and Catfish pond 
1983. . . . . . . . . . . . . . . . . 

Figurc 6.5.1. Pl:!nkton abundancc: Grcnadicr pond station A 1983. 

Figurc 6.5.: . Plankton abundan cc: Catfish pond. 1983. 

DRAFT July 28.1986 v 

29 

32 

32 

35 

36 

36 

38 

38 

42 

54 

60 

60 

62 

64 

64 

75 

75 



Figure 6.5.3. Cycle by cycle changes in zooplankton proportional biomass for Grena-
dier and Catfish ponds. . . . . . . . _ . . . . . 77 

DRAFT July 28.1986 

I 
I , 
I 
I 
I 
I 

I 

I 
I 

I 

I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
l 
t 

LIST OF TABLES 

Table 4.2. I. Grenadier and Catfish Pond Morphometry. 

Table 5.1.3. Percentage Variance Explained in D.O., pH and pE by Temperature and 
Conductivity in Grenadier and Catfish. ..... . . . . 

Table 5.2.1. Sampling Dates for Temperature Profiles for 1966 (Rigler), 1976 (Wainio 
el a/.) and 1983 (Zimmerman el a/.). . • • • • . • • • • • • • • . 

Table 5.2.2. Heating Degree Days below 18· C for May through August 1966, 1976 
and 1983. ..... . .. . .... ... .. . 

Table 5.2.3. Maximum and Peak Wind Speeds (kph) and Direction. 

Table 5.5.1. Equivalent Percentages of Conductivity in a Series of Ontario Lakes. 

Table 5.7.1. Extinction Coefficients (·n), Percentage Absorption per Metre (% absorp-
tion), Depth of 10% PAR and Secchi Disk Depth (SOD). .. .. . . 

Table 5.8. I. Mean Primary Water Chemistry for Grenadier and Catfish Ponds. 

Table 5.8.2. Metal and Ligand Equivalence Comparisons and Equivalent % for Grena-
dier, Catfish, and Other Selected Lakes. .... . ......... . 

Table 5.8.3. Water Concentrations of Heavy Metals in Catfish, Grenadier and Lake 
Huron. .......... . ....... . . 

Table 5.8.4. Sediment Nutrient Concentrations in Grenadier and Catfish. 

Table 5.8.5. Sediment Concentrations of Heavy Metals in Grenadier, Catfish and Lake 
Huron. . ... . ............. .. .. . .. . 

Table 5.9.1. Bacterial Analyses: Means (x) Geometric Means (GM) and Medians (M). 

Table 6.1.1. Mean Depth Integral of Gross and Net Primary Productiviry, Specific 
Photoassimilation and Range Observed in Net PhotOsynthesis in Grenadier and Catf-
ish ponds. ... . .. .. .. . ... . .... . 

Table 6.1.2. Areal Hypolimnetie Oxygen Deficits (mg.02.cm-2.day-I). 

Table 6.2.1. Significance Levels for T-Tests for Various Chlorophyll Components in 
Grenadier and Catfish ponds. . . . . . . . . . . . . . . . . . . . 

Table 6.3.1. T-Test Results for Phytoplankton Communities in Grenadier and Catfish 
ponds. . . . . . . . . . . . . . . . . . . . .... 

Table 6.3.2. Dominant Algae Classification for the Phytoplankton Communities. 

Table 6.4.1. Mean Zooplankton Abundance and Biomass Estimates. 

Table 6.4.2. Zooplankton Species List for Grenadier and Catfish ponds. 

Table 6.4.3. Mean Concentrations of Cladocera and Copepoda in 1966 and 1983. 

Table 6.4.4. Relative Proportions of Zooplankton and Mean Abundances in 1966 and 
1983. . . . . . . . . . . . . . . . . . .. . 

P AGE 

12 

16 

21 

23 

25 

33 

40 

44 

45 

48 

49 

50 

51 

55 

57 

58 

59 

59 

65 

65 

66 

67 

Table 6.5.1. Lake Types and Hypothesized Trophic Links and Characteristics. 71,72 

Table 6.5.2. Mean (x ) Plankton Values and Nutrient Concentrations for Grenad ier and 
Catfish ponds. . . . . . 73 

Table 6.5.3. Plankton/ Nutrient Ratios. 73 

DRAFT July 28,1986 vii 



TABLE OF CONTENTS P AGE 

Acknowledgements IV 

List of Figures v 

List of Tables . . . . . . . . . . . . . . . . . . . . . . . VII 

I. INTRODUCTION . . . . . 

2. HISTORICAL BACKGROUND 3 

2.1. Geological Origins . . . 

2.2. Recorded History: Nineteenth Century 

2.2. I. Grenadier Pond 

2.2.2. Catfish Pond 

2.3. Twentieth Century 

2.3. I. Grenadier Pond 

2.3.2. Catfish Pond 

3. lVlETHODS .... . 

4. WATERSHED CHARACTERISTICS 

4.1. Drainage 

4.2. Pond Morphometry 

5. PHYSICO-CHEMISTRY 

5.1. General Discussion 

5.1.1. Grenadier Pond 

5.1.2. Catfish Pond 

5.1.3. Meromixis in Catfish Pond 

5.2. Temperature Specifics 

5.2. 1. Grenadier 1983 

5.2.~. 1983-1976 ( 1966) Comp:uisons in Temperature 

5.~.3 . Catfish 1983 

5.3. Dissolved Oxygen 

5.3.1. Grenadier 1983 

5.3.2. 1983-1976 Comparisons in Dissolved Oxygen 

5.3.3. Catfish 1983 

5.4. pH ..... 

5.4.1. Grenadier 1983 and 1976 

5.4.~. Catfish 1983 

5.5. Conductivit), 

5.5.1. Grenadier 1983 

DRAFT July 28. 1986 

3 

4 

4 

5 

5 

5 

7 

9 

II 

II 

12 

14 

14 

14 

14 

16 

19 

19 

21 

25 

28 

28 

28 

30 

31 

31 

31 

33 

33 

I 

I 

I 
I 

I 
1 

1 



I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

5.5.2. Catfish 1983 

5.6. ORP or pE 

5.6. I. Grenadier 1983 

5.6.2. Catfish 1983 

5.7. Transparency and Light Attenuation 

5.7. I. PAR in Grenadier 

5.7.2. PAR in Catfish 

5.7.3. Secchi in Grenadier and Catfish 

5.7.4. Grenadier 1983 and 1976 

5.8. Chemical Parameters 

5.8. I. Mean Nutrient Chemistry: Grenadier and Catfish 1983 

5.8.2. Phosphorus and Nitrogen 

5.8.3. Water Column Heavy Metals 

5.8.4. Sediment Chemistry 

5.8.4.1. Sediment Nutrients 

5.8.4.2. Sediment Heavy Metals 

5.8.4.3. Sediment Organics 

5.9. Bacterial Water Quality Indicators 

5.9.1. Catfish and Gren3dier 1983 

5.9.2. 1982 Watershed B3cterial Sampling 

5.9.3. B3cterial Load ings and Rainfall 

6. PLANKTON PROCESSES 

6.1. Prim3ry Production 

6.1.1. Photosynthetic Profik Development 

6.1.2. 1976 - 1983 Grenadier Comparisons 

6.1.3. Areal Ilypolimnetic Oxygen Deficit 

6.2. Chlorophyll 

6.3. Phytopl3nkton Biom3ss 

6.3.1. Chlorophyll Biomass Productivit~· Relationships 

6.4. Zooplankton ...... . 

6.4. 1. 1983 Zoopl3nkton Biomass 

6.4.2. 1983-1976 Comp3risons: 

6.4.2.1. Taunomic and Temporal Considerations 

6.5. Pl3nkton Dynamics . . . . . . . . . 

6.5. I. Density Regulation in Pelagic Systems 

6.5.2. Nutrient Status 3nd Plankton Density Regulation 

DRAFT July 28. 1986 

34 

34 

34 

37 

37 

37 

39 

39 

43 

43 

43 

45 

47 

49 

49 

49 

50 

50 

50 

52 

53 

55 

55 

56 

56 

57 

58 

59 

61 

62 

62 

63 

63 

68 

68 

73 



6.5.3. Phytoplankton Density Regulation: Competition Versus Predation 74 

LITERATURE CITEn' · 

APPENDIX I Grenadier Pond: Physicochemistry, 1983 

APPENDIX 2 Catfish Pond: Physicochemistry, 1983 

... 

APPENDIX 3 Grenaidier Pond. 1976: Water Chemistry from Wainio el at. 

APPENDIX 4 1982 Water Quality Monitoring Program: Grenadier Pond and Tribu-
taries 

APPENDIX S Grenadier and CatfIsh ponds: Primary production calculations 

APPENDIX 6 Grenadier Pond 1983: Areal Hypolimnetic Oxygen Deficit (AHOD) 
calculations _. . ...... 

APPENDIX 7 1983 Zooplankton Data 

APPENDIX 8 Grenadier and Catfish ponds: Nutrient data, 1983 

DRAFT July 28, 1986 

81 

86 

92 

9S 

98 

99 

101 

103 

104 

I 

I 

I 
I 

I 
I 
I 



I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
1 

Page I 

1. INTRODUCTION 

Grenadier and Catfish ponds are located in the southwest corner of Metropolitan Toronto, one 

kilometer northwest of the outflow of the Humber river into Lake Ontario (43 38' Lat., 79 28' 

Long., Figure 1.1.). In the mid 1930s Grenadier pond (12.7 Ha) was fully incorporated into the 

recreational area of High Park. Catfish (J.l Ha), or West Pond as it is also known, was incor

porated into Rennie park in the mid I 960s. Since the 1930s, High Park has been considerably 

altered by the construction of a number of recreational facilities. Concomitant with these 

changes both ponds have seen increasing recreational use. 

The only previous limnological survey of Grenadier Pond, by Wainio el al. (1976), included 

data from as early as 1964 and concluded that Grenadier pond was highly eutrophic and sup

ported a large warmwater fishery. The survey also included a history of the pond since its 

separation from Lake Ontario by establishment of a permanent sandbar. Since 1978, Grena

dier and Catfish ponds have been surveyed annuaJJ)', during September and October, by lim

nology classes (Z00471) at the University of Toronto. Analyses of these data, a collection 

and analyses of a summer series of data. and comparison to the data in Wainio el al. (1976) 

comprise this report. 
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2. HISTORICAL BACKGROUND 

2.1. Geological Origins 

The formation of Grenadier and Catlish ponds is rooted in the retreat of the Ontario lobe of 

the Wisconsin ice sheet, 12,000 years BP (Karrow el aI., 1961). Proglacial Lake Iroquois, 

formed in the Lake Ontario basin south of the retreating Port Huron ice, exceeded Lake 

Ontario in depth by 35.05 meters (Karrow el al., 1961). Its' shoreline extended 8 kilometers up 

the present Humber valley (Chapman and Putnam, 1966). Detritus, transported by rivers and 

streams, was deposited as soft deltaic sediments of sand, silt and gravel in the Humber Bay of 

Lake Iroquois (Chapman and Putnam, 1966; Coleman, 1933). Partial retreat of the ice sheet 

from Covey Hill New York, opened a lower drainage cnannel for Lake Iroquois, south to the 

Hudson river. This low water stage was the relatively short-lived Lake Frontenac, which in 

turn was followed by Lake Fort Ann when the continued retreat of the ice from the Covey 

Hill arc a caused a further drop in lake level. 

Thc Lake Fort Ann stage lasted until drainage shifted from the Hudson to the St. Lawrence 

valley, subsequent to the breakup of the St. Lawrence ice block (Chapmar, and Putnam, 1966). 

Lacustrine sediments. deposited under high water conditions were exposed during the low 

water stages of Lakes Frontenac and Fort Ann. Fluvial processes subsequently eroded these 

deposits into steep-sided ravines and valleys. As the icc rctreated further northwards, the St. 

Lawrence valley area uplifted (isostatic rebound), raising the water level in Lake Fort Ann 

and nooding those valleys formed in the preceding stage. Grenadier and Catlish ponds 

presumably formed as a result of the build up of barrier bars of sand and gravel across the 

mouths of these nooded stream valleys (Coleman. 1933). 
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2.2. Recorded History: Nineteenth Century 

2.2. I. Grenadier Pond 

Bondhead's observation of a miry little spOt represents the first recorded observation of 

Grenadier Pond. The pond's name appears to originate from some possibly apocryphal 

instance involving the Grenadier company of The King's 8th regiment, wruch was temporarily 

stationed at Fort York at the time of the American invasion of York in April of 1812 (Finan, 

1964). According to Sir Francis a party of guardsmen were attempting to cross the pond in a 

boat. They capsized, noundered in the mud, sank and "._were there still" (Sir Francis Bond

head in Lizars, 1913: page 54). A second legend links the origin of Grenadier's name to an 

incident one winter when a regimental guardsman drowned after falling through the ice (West, 

1967: page 171). 

Little else is recorded of Grenadier pond until 1836 when l .G . Howard, York's first city Sur

veyor, purchased lot 37 from Mr. James Cull (Mcl\1:lnus, 1975). Lot 37 consisted of 165 acres 

of land reaching from Bloor street, south down to the Humber bay lakeshore, encompassing 

the southeast ponion of Grenad ier pond. Over the next 40 years Howard cleared and farmed 

some of the land and built a residence. Col borne Lodge (McManus, 1975) - which is still 

standing, maintained by the Historical Board of Toronto. 

In IS73, for a yearly stipend of S 1200 the Howards donated lot 37 to the City of Toronto. 

Amons other stipulations. the Howards requested that the land be named High Park and be 

kept as a recreational area for the citi~ens of Toronto. The remainder of Grenadier pond was 

incorporated into High Park as the City of Toronto acquired adjacent lands: 7 I acres in 1930, 

36 of which were pond, were purchased by the city from the Chapman estate (pers. COIn., City 

of Toronto. Department of Parks and Recreation); in 1967 a final 2 acres, encompassing the 

remainder of the pond's west shore. were acquired when the village of Swansea was annexed 

by the cit y of Toronto (pees. COIn.. City of Toronto. Department of Parks and Recreation). 
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Page 5 

2.2.2. Catfish Pond 

Far less is known of the early history of Catfish pond. From an early map of the area (sur

veyed and drawn by J.G.Howard in 1869) it appears that Catfish was a deep hole in a marshy 

stream more than it was a pond. The map indicates that the 'pond" was bordered on the south 

by an extensive marshy area and flowed via two distributaries into Grenadier pond. A cart 

track ran between the two ponds. northward to the residence of Juno Ellis. The draining of 

the southern marsh and impoundment of Catfish pond most likely occurred during the late 

1800's when the village of Swansea constructed Ellis avenue along the route of the old cart 

track. 

2.3. Twentieth Century 

2.3.1. Grenadier Pond 

Extensive changes have occurred in the watersheds of Catfish and Grenadier ponds concomi

tant with development in western Toronto. Wainio tl al. (1976) analyzed the 1:50000 series 

airphotos from 1947 (the start of the series) and found that there had been a progressive loss 

of marsh froin the perimeter of the pond. In most locations the loss has been complete. and is 

probably due to the extensive infilling and bank construction which has taken place over the 

last 30 years. In particul>r 1955 and 1956 sa"" II acres of the southern part of the pond filled 

in by the construction of the' Queen Strect West extension (Wainio el al.. 1976). Between 1953 

and 1959 the High Park grounds .... ere extensively developed: tennis courts. swimming pool 

and the hillside gardens were all constructed. By the early 1970's only two of the original 

marsh areas still existed and these were severely reduced in arex one. in the southwest corner 

of the pond. brackets the inflow from Catfish pond; the other. at the north end, borders the 

main Grenadier inflow. Concomitant with the reduction in marshland was an extensive loss of 

natural banksidc: 45% of Grenadiers pcrimeter is presently contained behind concrete 
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embankments. Only the western shore between and including the two extant marshes retains 

its natural riparian cover and remains free of artificial embankments. 

An analysis of the air photos subsequent to the Wainio study of 1976 show two changes in 

Grenadier. The vegetated marsh appears to have expanded slightly since the 1972 air photo 

(Figure 2.3.1). In addition, a small pond was constructed 150 meters north of Grenadier on 

the inflow stream in the summer of 1983. This sediment settling pond was constructed in 

response to the concerns voiced by local pond watchers that the north end of Grenadier was 

rapidly filling in. It seems somewhat unlikely that the sediment loads delivered to the north 

end of Grenadier are currently much higher than twenty years ago. Most of the watershed 

drained by the north inflow is from an urban area established in the late 1800s/early 1900s 

and there is little evidence of recent watershed changes likely to have evoked increased ero-

sion. However. since construction of the senling pond. a sub-surface sediment wedge has 

appeared south of the extant marsh. Figure 2.3.1. Comparison of the 1984 and 1985 air photo 

suggest that this ~edgC is increasing in size. Evalu.1I ion of the settling ponds elTect on the 
\ 

north end marsh should be undertaken. 

2.3.2. Catfish Pond 

Like Grenadier Pond, Catfish has experienced a gross reduction in peripheral marsh over the 

last 40 years. In 1947 two sections of marsh were evident: the smaller. at ' the south end of the 

pond ncar the outflow; the larger at the north end ncar the inflow stream. The development of 

houses during the mid 1950's adjacent to the south and southwest margins of Catfish undoubt-

ably contributed to the extinction of the southern marsh. While traces of the northern marsh 

arc still present today the bulk of the marsh appears to have· disappeared during the landscap-

ing of Rennie park. 

Concrete embankments arc a recent addition to Catfish pond. having been installed along the 

park section of the southeast shore in 1982. apparently in response to erosion caused by heavy 

foot traffic. Public access to Catfish is limited as private lots abut the south. southwest and 
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part of the southeast portions of the pond. The mid-western shore of the pond is separated 

from Coehill Drive by a steep. narrow grade. The mid eastern shore is block.ed by a heavily 

wooded steep grade. although there are a few footpaths evident on both shores. 
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4. WATERSHED CHARACTERISTICS 

Grenadier Pond drains 283 hectacres of land of both an urban (74%) and developed parkland 

(26%) nature (Elstad, 1983). Catfish Pond, incorporated within Grenadier Pond's drainage 

basin, is 52 Hectacres in size and is composed of urban (87%) and developed parkland (13%) 

sections (Elstad, 1983). 

4.1. D\"ainage 

Catfish Pond has two main innows: one. taking runorr from Rennie Park and storm sewer 

drainage from the north, enters the Pond by way of a channeled stream at the Pond's north 

end; the second carrys now from the Coehill Drive storm sewer (Elstad, 1983) and enters the 

Pond by way of a pipe halfway up the Pond's westcrn margin. The outflow from Catfish is in 

the southeast corner of the Pond and drains via a pipe and ditch into Grenadier Pond. 

Grenadier has 2 innows: the main one being a stream entering the Pond through the marsh at 

the north end. This stream receives runorr from the northwest quadrant of High Park and now 

from the storm sewers outfalling at Clcndenan Avenue. Bloor. Valleymede and Ellis Park 

roads. The next major innow, enters the Pond at the marsh located in the southwest corner of 

the pond and earrys now from Catfish and the Ellis Avenue storm sewer. Grenadier Pond 

empties through a weir in thc southwcst corner of the pond. via a sewer. into Lake Ontario. 

The Steel Company of Canada (STELCO) possesses riparian rights to the water nowing from 

Grenadier and can arrect now depending on need (Stelco engineer, pers. com.: In Wainio el a/.. 

1976). 

While both ponds receive a large portion of their innow from urban runorr, the relative 

quality/quantity of urban inputs may not be the same: The storm sewer system servicing Catf· 

ish pond's watcrshcd was constructcd by the village of Swansea in the mid 1900s and was 
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designed to carry runofT from both the streets and residential rooftops; Grenadier's urban area 

is older and has a storm sewer system which, theoretically, drains only road runofT, building 

runofT being routed through sanitary sewers. (Whichman, pers. com.: In Elstad, 1982). 

4.2. Pond Morphometry 

Grenadier and Catfish ponds lie within the confines of adjacent, steep sided valleys (Section 

2.1.). Both ponds are shallow. Grenadier, is the larger mOre exposed system with a 9 times 

larger area and a 15 times greater volume (Table 4.2.1). Most of the other morphometric 

para'lleters are derived from these original difTerences in size and are generally within 

expected ranges (Hutchinson 1975, Wetzel 1983). The z/z max ratio in CatfISh in an excep

tion which has important physico-chemical implications for the chemistry of the system. 

Table 4.2.1.: Grenadier and Catfish Pond Morphometry 

Variable Symbol Grenadier Catfish 
Area (Ha) Ao 18.9 2.04 
Volume (m3 x 105) V 5.52 0.345 
Maximum depth (m) ?max 6.5 5.5 
Mean depth (m) z 2.9 1.7 
Mean depth/Max. depth z/ zmax 0.4 0.3 
Relative depth (%) Z 1.3 3.4 
Littoral zone ('lb) drr 26.8 28.7 
FetCh (km) F 1.J 40 0.406 
Compass orientation (' N) Co 340.7 293.7 
Perimeter (km) P 2.9 0.88 
Shoreline de"elo~Tent DL 1.88 1.73 
Flushing rate (yr. ) f 2.76 7.59 

z/ zmax is a compJrablc "ari,ble to the r,tio of, 13ke's .ctu,1 volume to the volume of a cone 

of equal surface area (Ao) and height (zmax)' Theoretical and analytical evaluation of such 

ratios suggest that the Z{Zmax ratio ranges between 0.33 and 0.5 with an average of 0.46 for 

lakes with only minor irregularities in bottom topography . (Wetzel, 1983). Lakes with ratios > 

0.5 are extremely steep-sided, deep, fjord type lakes. A ratio of < 0.33 is indicative of a lake 

with a deep hole Or some other extreme deviation in bottom topography (Hutchinson, 1975). 
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The z/ zmax of 0.30 in Catfish derives from a relatively deep hole (Figure 1.1.). This mor

phometric quirk in combination with the greater degree of fetch protection afforded Catfish 

by its high banks and built-up perimeter acts to reduce wind driven turbulent mixing. In OUr 

opinion, this reduction in mixing and high anthropogenic salt loads are the basis for the 

meromixis exhibited by Catfish Pond (Section 5.1.3.). 

Percent littoral zone (L1TT) is the only other mOrPhometric variable that may appear out of 

line given the shallow nature of the two ponds. Our determination of LITT is based On the % 

of sediment area to which 10% incident light penetrates. In this case LITT values for both 

ponds were calculated using transparency values averagcd over the II collecting cycles. The 

low values of UTI are directly attributable to low water transparency in these highly eutro

phied systems. 
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5. PHYSICO-CHEMISTRY 

5.1. General Discussion 

5.1.1. Grenadier Pond 

Mean summer hydrolab parameters for Grenadier (temperature. dissolved oxygen. pH. con· 

ductivity and oxidation-reduction potential Or pEl are presented in Figure 5.1.1. In general 

they are what would be expected for a shallow. eutrophic system. Thermal profile develop· 

ment is weak (Section 5.2.1.). Oxygen values arc high in the upper waters and fall off towards 

anoxia (Section 5.3.1.). pH mirrors oxygen with higher values in the upper waters rcnecting 

photosynthetic activit)' and lower values in the lower waters where respiratory processes dom

inate (Section 5.4.1.). Conductivity is reasonably uniform in the upper waters and increases 

closer to the sediments. probably renecting diagenetic release from accumulated materials 

and/or rele3se of m3terbls from the sediments (Section 5.5.1.). Oxid3tion-reduction potential 

or pE follows dissolved oxygen 3nd plf with high positive v31ues indicative of oxidizing con

ditions in the surface waters and low negative values indicative of reducing conditions in the 

lower w3ters (Scction 5.6.1.). Raw d3ta for Site A and B C3n be found in Appendix I. 

5.1.~ . C3tfish Pond 

Mean summer hydrolab parameters for Catfish Pond arc presented in Figure 5.1.2. In most 

respccts. they appear similar 10 the H ydrolab parameters for Grenadier 3nd ag3in arc reason· 

ably characteristic of a shallow eutrophic system. Thermal profile development (Section 

5.~.~ . ) appears stronger in Cattish than Grenadier (i.,'. a better developed "hypolimnion-). but 

therm31 conditions actuJlIy result from the meromictic nature of the pond (Section 5.1.3.). 
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Figure 5.1.1. Grenadier station A: Mean summer hydro lab values. 
I _ Conductivity. 2 • Dissolved Oxygen. 3 - ORP. 4 - Temperature. 5 = pH 
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Figure 5.1.2. Catfish pond: Mean summer hydrolab values. 
I - Conductivity. 2 • Dissolved Oxygen. 3 D ORP. 4 - Temperature. 5 = pH 
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Additionally . in Grenadier all three parameters (DO. pH. pEl show their most abrupt changes 

in slope at 4 meters (the depth at which the "thermocline" occurs or more precisely. the depth 

at which the slope of the second derivative of the decline in temperature with respect to depth 

is 0). In Catfish the depth at which these three parameters make their most abrupt change in 

slope is 2 metres, almost a metre above the "thermocline". This later slope break is coincident 

with the secDnd derivative defined innectiDn point in the conductivity profile Dr chemocline. 

The abDve observatiDns constitute the majority of the evidence that Catfish is a chemically 

stratified system rather than a thermally stratified system and is therefDre meromictic rather 

than dimietic Dr polymictic as was Grenadier. Meromixis confers a new terminology. Rather 

than referring to thermally defined regions in a merDmictic lake (i.e. epi-, meta- and hYPDlim

nia) the upper circulating portion is called the mixolimnion, the lower non-circulating portion 

the monimolimnion. The two region are separated by the chemocline. 

We believe that merDmixis in Catfish pDnd is due to high anthropogenic salt loadings CDm

bined with unusual morpholDgy and bank geography (see SectiDn 5.5., CDnductivity. and 

details Df watershed-pond morphology in Section 4.2. Pond Morphometry). Salt loading has 

bcen shown to cause at least tcmporary meromixis in a lake (Judd. 1970). We arc not aware of 

any other repons of road-salt associated ectogenic meromixis. hDwever evidence of anthropo

genically induced meromixis resulting from clear-cutting exist in the paleolimnological record 

(Frey. 1955). We are not sure exactly when Catfish became meromictic. Figure 5.1.3. presents 

selected conductivity profiles from 1978/1979 and clearly shows that the pond was chemically 

stratified as early as 1978. Pollen stratigraphy (Galvin. 1981) and metal analyses (Ramch3ran. 

1980) from Catfish sediment cores suggest major changes in sediment chemical composition 

patterns occurred about ~~ cm into the care . This depth occurs above noted sedimentary 

efTects of Hurricane Hazel in 1954 (estimated at 35 cm) and suggests that Catfish probably 

become meromictic in the late 60's (Galvin 1981). 

CDnduct;\'ity measurements taken over the past 7 years show that the chemocline has 

rc maincd rcasDnably stable. with significant increases in conductivity beginning at about 2-2.5 
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m. The 1978 - 1979 conductivity profiles indicate that chemical stratification also remains 

reasonably constant over the ice-free period of the year and probably reOe£ts some sort of 

meta-stable equilibrium. Under-ice the situation appears to be much more non-equilibrium. 

The February 6th profile (Figure 5.1.3.) suggests that meltwater entering in the winter, while 

salt-laden, is probably less dcnse than the monimolimnion and Oows along the top of that layer 

towards the outfall of the pond, gradually entraining mixolirnnetic water. We believe that the 

shapc of the conductivity curve undcr ice is Ouid, its exact form at any given instant a func-

tion of the amount and specific dcnsity of the melt-water entering per unit time. After melt-

water inputs cease, thc systcm gradually senles back into its more normal, near-equilibrium 

state. In addition to the obvious reduction in the volumc of water suitable for habitation by 

aerobic organisms. meromixis has implications for the chemical composition of both the moni-

molimnion and mixolimnion. These will be discussed in the sections to follow. 

5.2. Temperature Specifics 

5.2.1. Grenadicr 1983 

I 
I 

Grenadicr Pond is not sufficienth deep (Z • 35 m. zmax = 6 m) for development of a com- I 
plctc thcrmal profilc, i.e . there is no well de\e1oped hypolimnion, but the system does stratify 

into an epilimnion and wh,t is best chJr,.:terized as a metalimnion. Temperatures in Grena-

dicr increascd throughout the summer" ith minor nuctuations. Figure 5.2.1.. and Appendix 1. 

The maximum re.:orded surf,.:e temperlture. :8 • c.. was reached during cycle 8 (July 18th). 

Minor episodes of surface Wlter cooling (cycles 7&9) arc attributed to wind generated mixing. 

Concomitant dcpression of the epilimnion rebti\ e to previous, warmer cycles supports this 

contention. 

The shallow site in Grenadier (Station B) is only 1.5 metres deep. Temperatures arc more or 

less uniform throughout the column at site B with the maximum surface tcmperature reaching 

28,5' C. on July 18, 198} (cycle 8) R,w dat, for Site B arc in Appendix I. 
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5.2.2. 1983-1976 (1966) Comparisons in Temperature 

Earlier temperature profiles from 1976 (Wainio, el a/.) are presented in Figure 5.2.2. and 

Appendix 3. Cycles I and 2 from 1983 bracket cycle I in 1976 (Table 5.2.1.). 

Table 5.2.1.: Sampling Dates for 
Temperature Profiles for 1966, (Rigler) 

1976, (Wainio el a/.) and 1983 (Zimmerman el a/.). 

DATE 
Cycle 1966 1976 1983 
I 4 April 3 June 31 May 
2 20 May 9 June 6 June 
3 13 June 15 June 13 June 
4 28 June 29 June 20 June 
5 11 July 5 July 
6 25 July 13 July 4 July 
7 15 August 19 July 11 July 
8 25 July 18 July 
9 2 August 25 July 
10 I I August 2 August 
II 8 August 

Despite the overlap of the sampling dates. Grenadier did not show well developed thermal 

stratification until cycle 3 (13 June) in 1983. and it was not until even later in the year that 

the thermal profile assumed its characteristic shape and the epilimnion is "usual" volume. The 

system was already well stratified by cycle I (3 June) in 1976. The differences in thermal 

profile development seem attributable to weather differences between the years. Not only was 

1976 warmer than 1983 but it warmed earlier. Table 5 . ~.~. shows that there were only 160 

heating degree days (lIDO) belo'" 18' C. in "lJy of 1976 compared to 245 in 1983. In June of 

1976 there were only 10.8 HOD compared to 45 in 1983. 

Figure 5.~.3. shows temperature pror,les for 1966 (Wain io 01 a/. 1976 cf. Rigler 1966). The 

1966 temperature profiles arc similar to the those of 1983. with stratification not well esta-

blished by cycle ~ : ~O May . 1966 (Table 5.~.1.). HOD for 1966 show an even cooler spring 

than in 1983 with 496 HOD in May and I lOin June of 1966. Although the data are limited. 
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Table 5.2.2.: Heating degree days below 
18 • C. for May through 

August 1966. 1976 and 1983 

Month 
May 
June 
July 
August 

1966 1976 1983 
496 160 246 
110 II 45 

5 2 8 
40 13 8 
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it appears that the thermal profile is reasonably well developed by cycle 3 (13 June. 1966) 

even though surface waters arc only about 20' C. as opposed to 24' C. in 1976 and 22' C. in 

1983. 

Although the general thermal patterns appear similar across the years. there was a complete 

mixing of the water column in 1976 (estimated as having occurred on II July. 1976-see cycle 

6, Figure 5.2.2.) after which the bottom waters of the pond remained warmer and the surface 

waters somewhat cooler than in 1983. The exact cause of the turnover is not clear. Data on 

maximum and peak wind speed and direction are presented in Table 5.2.3. Neither maximum 

nor peak winds arc substantially diITerent across the years. although the prevailing wind in 

June of 1976 comes from the cast. In comparison to other years and in consideration of "nor-

mal" weather patterns in the Toronto area. this prevailing easterly wind would seem unusual. 

Although the fetch in Grenadier is nO! oriented to the "'''I. the easterly side of Grenadier is 

exposed and the south-cast corner of the pond opens onto its deepest section. (See Section 4. 

particularly Table 4.~.1. Morphometry of Grenadier and Catfish Ponds and Figure 1.1. which 

details Grenadier bathymetry). Figure 5.~.4. shows relative thermal resistance (R.T.R.) to 

mixing in Grenadier for 1966. 1976. and 1983. We believe the warmer weather or a combina-

tion of the warmer weather and unusual wind direction of 1976 resulted in a thermal profile 

sufficiently reduced in R.T.R. to allow rather pedestrian wind speeds to eITect turnover. 

We think this combination of weather and wind somewhat unusual. Consequently. we can not 

agree with Wainio Ci n/.'s. (1976. cf Rigler. pers. com.) contention that polymixis (summer 

turnover) in Grenadier is "common". We do not believe it has reoccurred since 1976. We 
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Table 5.2.3.: Maximum and Peak Wind Speeds (kph) and Direction 

YEAR MONTH 
May June July August 

1966 
max 51.5(W) 35.3(SW) 40.2(W) 38.6(N) 
peak 69.2(WNW) 59.5(SW) 48.0(WNW) 78.8(S) 
1976 
max 39(E) 37(NW) 37(SW/NNW) 
peak 56(NW) 59(WNW) 50(WNW) 

1983 
max 59(SW) 35(NW) 31(SW) 43(NNW) 
peak 109(WSW) 57(NW) 56(SW) 82(NW) 

Source: Environment Service of Canada/Monthly Weather Summary 

know it has not since 1978. First. we find no evidence that particularly "strong winds from 

the north or south" occurred prior to the 1976 turnover. Secondly, limnology classes at the 

University of Toronto have sampled Grenadier every fall since 1978. Early September profiles 

of temperature and oxygen have always shown remnants of stratification, rather than the 

isothermal, oxygenated profiles characteristic of 1976. Although an arguably minor point, the 

commonplace versus rarc n:lturc of mid·summcr system turnover does have implications for 

maintenance of some aquatic spccies ("Iish kills-, overall system oxygen reduction, injection of 

sulfides. etc.) and may playa rolc in selc.tion of appropriate species management or appropri-

ate protocols for programs of nutricnt modifioation. We believe the usual condition of Grena-

dieT is moderately well stratilicd. and dimi~lic with 3noxic lower waters. If turnovers were 

"common" in the past. the data from thc last 8 ycars suggest that it is polymixis that is now 

rare. 

5.~.3. Catfish 1983 

The thermal profiles for Catfish pond arc presented in Figure 5.2.5. Although thermal stratifi-

cation is somcv.'h:Jt irrc)c\':lnt given the meromictic nature of the pond. thermal development 

over the summer docs not appcar that different from profile development in Grenadier. Epi-

limnetic (mi<olimnctic) watcrs warmcd up ovcr the sampling period, while the hypolimnetic 

watcrs remaincd rclati,'c); constant. Miwlimnctic cooling takes place at the samc time (cycles 
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Figure 5.2..S. Depth-Temperature plot for Catfish pond, summer 1983. 
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7 and 9) as in Grenadier (as well as in cycle 5). There is no entrainment of the upper warmer 

water into the cooler lower water as happened in Grenadier; due either to reduced winds act

ing on the fetch (Section 4.2) with subsequently reduced turbulent mixing or the eITect of the 

dcnsity barrier at the chemoclinc. 

Surface waters were approximately the same temperature in both ponds with identical max

imum surface water temperatures (28 • C) although the maximum temperature in Catfish 

occurred during the last cycle while maximum surface temperature in Grenadier were reached 

during cycle 8. The monimolimnetic rhypolimnetic") waters showed only a slight increase in 

tempcraturc, ranging from 6 • C. to II . C near ,·he scdiment-water interface. Consequently, 

comparisons of mcan, volumc weightcd tcmperaturcs between the ponds shows Grenadier as 

Slightly warmer than Catfish (21.9 • C. and 19.09' C. respectively). 

The meromictic condition of the pond leads to quite interesting annual behavior of thermal 

profiles. Figurc 5.2.6. shows selected tcmperature profiles from Catfish taken during 1978-79. 

Sincc tcmpcrature is not the major factor controlling water density in Catfish, the system does 

not "turn-over" at the point when it becomes isothermal (Oct. 10 to Nov. 7). This leads to the 

somewhat unusual thcrmal panern (No\". 7 and Feb. 6) in which the lower waters of the pond 

arc warmer than the surface waters. While unusual in the context of the "normal" thermal 

behavior of lakes, such dlChOlh('Tnllc temperature panerns arc actually characteristic of ecto

genic meromictic lakcs (Wctzel. 1983). As winter progresses the monimolimnion slowly cools 

but temperatures ne, 'er do fall as 10"" as those of the surface waters. 
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5.3. Dissolved Oxygen 

5.3.1. Grenadier 1983 

The oxygen concentrations observed in Grenadier are typical of a eutrophic system (Wetzel. 

1983). The profile is cJinograde with the surface waters generally at or above saturation and 

the lower waters progressing from low, sub-saturation levels to anoxia. Figure 5.3.1. and 

Appendix I. Sediment oxygen demand is Quite high and the lowest meter of water is virtually 

anoxic from cycle 2 on, the lower 3 mcters ~re anoxic by cycle 6. Wind associated mixing (see 

previous Section 5.2.1.) between cycles 8 and 9 entrains some oxygen to a depth of 4.5m, but 

the general pattern of anoxia below 3 meters is re·established by cycle 10. (See Section 6.1., 

Primary Production, for a discussion of hypolimnetic oxygcn demand in Grenadier.) 

Concentrations of oxygen at the Grenadier B site fluctuated throughout the sampling period, 

but never reached anoxic conditions. R"",· data for Station B are in Appendix 1. 

5.3.2.1983-1976 Comparisons in Dissolved Oxygen 

The volume wcightcd mcan of dIssolved o'ygen for 1983 was 7.2 mg.L- 1 compared to the 

1976 volume-weighted mean of 6.7 mg.L- 1 c:llculated from the Wainio el al., 1976, data 

(Appendi, ~). Watcr qu"lit~. dcfined as transparcncy. has improved in Grenadier since 1976 

(Section 5.7.4). Thcre also appcars to bc somc impro\'cmcnl in oxygen concentration. The 

Wainio ('I al. data arc onl~ for sclc.:tcd depths. generally 2 and 5 m. However. their upper 

water values range from 4.6 to I~.~ mg.L-'- The 1983 uppcr water data rangc from 8 to 14 

mg.L- I. The 1976 bottom waters arc anoxic at 5 meters from cycle 2 (9 June) onward 

although thcrc is oxygen at 4 metcrs on that date. Aftcr water column turnovcr on II July, 

1976. the pond appears to havc circulated more or Icss freely and there is oxygen present in 

the lower watcrs (at least at 5 meters) through the remainder of the 1976 sampling year. 

These post turn-over oxygen '°J.lucs arc never :1t saturation which might be expected given the 
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Figure 5.3.1. Depth-Dissolved oxygen plot for Grenadier pond, summer 1983. 
Leners a-k represent sequential weekly samples. 
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Figure 5.3.2. Depth-Dissolved oxygen plot for Catfish pond, summer 1983. 
Letters a-k represent sequential weekly samples. 
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injection of reduced materials from the hypolimnion and the high oxygen demand of the sedi

ments which is now being distributed throughout the water column. The 1983 data show that 

the bottom waters were anoxic by cycle 6 (i.e. the 4th of July versus the 9th of June or almost 

a month later in 1983 as compared to 1976). 

5.3.3. Catlish 1983 

The dissolved oxygen curves for Catfish are presented in Figure 5.3.2. The Curves are c1ino

grade as in Grenadier, although the surface values are slightly higher and the waters of the 

monimolimnion are always anoxic. Surface oxygen conditions are often supers:uurated as they 

arc in Grenadier. The slightly higher nature of the values presumably reflects the generally 

higher levels of productivity in Catfish (Section 6.1). 

Cycle I shows the deepest penetration of oxygen. Anoxia begins as the summer progresses, 

the zone of anoxia and/or low oxygen eonditions generally moves upwards. This upward 

migration presumably reneets a eombination of oxygen used for respiratory activity of organ

isms (light is almost completely attenuated below I meter), decomposition of detrital material 

accumulating on the chemodine and perhaps o .• idation of reduced compounds migrating out 

of the monimolimnion. There is some e\ idence for a minor entrainment of oxygen concomi

tant with wind-indueed mixing (cyele 7) as well as with no apparent wind bases (cycle 6) but 

the progressive pattern of upward migration of low oxygen reasserts itself. The effect of the 

large volume of anaerobic water is evident in a comparison of volume weighted mean oxygen 

values between the ponds. The value for Grenadier is 7.7 mg.L- 1 while the volume weighted 

mean o .• ygen value for Catfish is 6.6. A non-volume weighted mean for the mixolimnion, 8.9, 

reneets the generally higher oxygen values associated with the increased productivity of Catf

ish. 
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5.4. pH 

5.4.1. Grenadier 1983 and 1976 

The pH of Grenadier is relatively high (i.e. > 7.5), as might be expected for a eutrophic system 

with carbonate geochemistry. pH generally decreases with respect to depth (Figure 5.4.1.) and 

increases with increases in oxygen concentration. Both patterns suggest that photosynthesis 

and respiration arc the primary influences for pH fluctuations in this system. 

Volume weighted mean pH was 7.9 in 1983 and 7.6 in 1976. Given the above, we do not feel 

the differences represent anything particularly substantive and reflect the lower oxygen con

centrations (i.e. higher respiratory activity) associated with 1976 (See preceeding Section 

5.3.2). Data for 1983 can be found in Appendix I, for 1976 in Appendix 2. 

5.4.2. Catfish 1983 

Profiles of pH for CJtfish CJn be found in Figure S.4.::. CompJrison of the profiles in Catfish 

with those from Grenadier indicates that the mixolimnion pH's in Catfish are slightly higher 

than the epilimnetie values of Grenadier, v. hilc the monimolimnion values are Slightly lower 

than those from the lower WJters of Grenadier. Comparisons of the volume weighted mean 

pH for Grenadier (7.9) with the mcan for thc mixolimnion (8.1) and the volume weighted 

mean for the entire water column of Catfish (7.6) reflect these differences. As in Grenadier, 

photosynthesis and respirJtion arc e.\pe:ted to be the primary influences on pH, the higher 

values in the mixolimnion reiJti, e to GrenJdier renecting the higher rates of primary produc

tivity in Catfish, the lower values ,n the monimolimnion relative to Grenadier reneeting the 

intense levels of deeompositionJI / respiralOry acti, ity ongoing in Catfish. 
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Figure 5.4.2. Depth-pH plot for Catfish pond, summer 1983. 
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5.5. Conductivity 

5.5.1. Grenadier 1983 

In general surface values of conductivity are relatively uniform increasing slightly near the 

bottom (Figure 5.5.1.). Conductivity tends to increase near the sediment-water interface par-

ticularly in anaerobic systems as ions are released from the sediments. Alternative/additional 

sources of ions may be sedimented materials from the upper waters and exchange of ions from 

c1ays,organics, etc. There arc no conductivity values from 1976 (Wainio, el al.) for comparison 

to this study. 

In general, the pattern of conductivity is that expccted for a hard water, high carbonate, 

eutrophic system. However, the magnitude of the values is substantially higher than those 

found in either the Lower Great Lakes or other inland carbonate-bicarbonate systems in 

Ontario. Section 5.8, Chemical Parameters, discusses the chemistry of Grenadier Pond with 

respect to these other aquatic systems. However, it seems fairly clear that most of the eleva-

tion in conductivity is accounted for by elevated chloride and chloride counter-ion. 

Table 5.5.1.: Equivalent Percentages of 
Conductivity in a Series of Ontario Lakes 

K-Iakes I • 
Lake Lake O-Iakrs- Grenadier Catfish 

Ontario Eric 
Ca 34.6 31.7 46.9 37.3 13.2 9.4 
Mg 7.6 9.9 7.8 10.3 5.7 6.8 
Na 8.1 7.7 1.6 3.4 24.8 29.6 
K 1.0 0.7 0.9 0.9 0.4 1.9 
CI 17.7 16.8 1.5 5.3 29.~ 30.~ 
HC03 25.5 26.0 4:.8 39.1 7.1 4.3 
504 17.0 12.:! 10.9 7.7 7.0 4.0 
cond 320 302 155 230 1555 1700 

I averagcs from 5 Kawartha area lakes (Zimmerman, c/. al., 1983) 
2 averages from 5 Orillia area lakes (Zimmerman, el al .• 1983) 
3 taken from Neutron Activation Analyses (sec Appendix 3) 
4'(see Appendix 3) 
5 assumed to be 100% S= 
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Table 5.5.1. presents equivalent conductivities attributed to major ions in Grenadier, Catfish 

and several other lake ecosystems. In Lake Ontario, Erie, selected Kawartha and Orillia area 

lakes systems, sodium and chloride account for an average of 5.2 and 10.3% of conductivity 

respectively. In Grenadier, sodium accounts for 29.8 and chloride 29.3% of conductivity. 

Similarly sodium and chloride account for more of the explained variance (99.8%) in conduc

tivity than any other element in the matrix (see Table 5 .8 . 1 ~ Section 5.8.1.). 

5.5.2. Catlish 1983 

Conductivity proliles for Catfish arc also presented in Figure 5.5.1. They reflect the general 

meromixis previously discussed (sec section 5.1.3.). Comparison of volume weighted mean 

conductivities between Grenadier and Catfish (1555 umho.cm in Grenadier and 4728 

umho.em in Catfish) arc misleading due to the tremendous contribution to conductivity from 

the monimolimnion. However the mean mixolimnetic conductivity value from Catfish is also 

highcr than that of Grenadier (1851 umho.em) suggesting that chemical loads in general are 

higher in Catfish (sec Section 4.1. "hich details watershed inputs), mixolimnetic flushing is 

reduced over Grenadier or that there is some difTusion and/ or entrainment of materials from 

the monimolimnion into the mixolimnion. The fact that Na and CI are enriched relative to the 

other clements in the mixolimnion. rather than in the same proportions as in Grenadier (see 

Table 5.5.1.) tends to support the latter hypothesis. 

5.6. ORP or pE 

5.6.1. Grenadier 1983 

As expected. the o.<idation·reduction potential (ORP) or pE, closcly follows the d issolved 

oxygen concentration in Grenadier. remaining reasonably high and positive in the surface 

waters where oxygen is high. Figure 5.6.1. and Appendix 1. In the lower waters where anoxia 
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occurs, the OR P is correspondingly nCg3tive indicating reducing conditions. Upper watcr 

values ranged from 110 to 360 mv (pE ~ 5.3 to 9.5), while the values for the anoxic lower 

waters were -30 to -480 (pE K 2.9 to -4.7). 

5.6.2. Catfish 1983 

Oxidation reduction potential profiles for Catfish are presented in Figure 5.6.2. As in Grena

dier, the ORP values for the pond closely follow the oxygen values; high, positive and oxidiz

ing in the upper two metres where oxygen is present; low, negative and reducing in the lower 

waters where anoxic conditions prevail. Values in the mixolimnion ranged from +200 mv (pE 

E +6.8) to +500 mv (pE - +11.8) while values below the chemocline ranged from -70 to -380 

mv (pE = +2.2 to -3.1). Mean volume ""eighted ORP values for the two ponds are similar, 

168.i mv (pE = 6.2) in Grenadier and 164.0 mv (pE - 6.1). In both ponds, reducing pE's (and 

hence volume weighted means) arc probably poised between -2 and -4 by the sulfate-sulfide 

redox couple. 

5.7. Transparency and Light Attenuation 

5.7.1. PAR in Grenadier 

The quantum sensor measures extant ele.tromagnetic radiation of approximately 400-700 nm 

with a response peak some'" here ncar 550 nm (photosynthetically active radiation or PAR). 

The gradual attenuation of light'" ith respect to depth is logarithmic. Hence the extinction 

coefficient is the slope of the loge of irradianee 3glinst depth. In the interest of more immedi· 

ate comprehensibility. the extinction coeffIcient or -n is often expressed as the percentage of 

light transmitted or absorbed per meter (100 exp·n and 100 (I-exp on) respectively). 

Light attenuation in Grenadlcr IS plolted in Figurc 5.7.1. At station A in Grcnadier slopes arc 

reasonabl y paralic I with cxtinction coefficients that rangc from 0.49 (38.7% light absorbance 

per metre) to 1.6 (79.8'\,. absorbance per mctrc) . Later cycles (6-11) show abrupt changes in 
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slope at approximately 4 metres. Light values after the slope change were not included in the 

calculation of the extinction coefficient. These increases in the rate of light attenuation reOect 

changes in absorption characteristics of the water and are probably due to suspended parti

cles. 

At station B, light penetrates to the bottom for all cycles. 

5.7.2. PAR in Catfish 

Light attenuation profiles for Catfish are presented in Figure 5.7.2. Light attenuates more 

rapidly in Catfish than in Grenadier and slopes are more consistently parallel with extinction 

coefficients that range from 1.3 (72.7% absorbtion per metre) to 2.5 (99.0% absorbance per 

metre). The abrupt changes in slope that occurred in Grenadier and might be anticipated at 

the chemocline in Catfish do not materialize since light is virtually completely attenuated by 2 

meters. 

5.7.3. Sccchi in Grenadicr and Catfish 

As opposed to the quantum sensor whieh measures the actual quantity of transmitted light, the 

seechi estimates the relative ability of light to penetrate water. Generally the secchi disk 

depth approximates the depth to whieh 10% of incidont light penetrates. Since light attenuates 

logarithmically, twice the secchi depth approximate> II,,' 1% incident light level and represents 

the boundary beyond which algae arc theoretically light limited. Consequently, the seechi 

disk depth is often used as an indicator of thc depths at which tu incubate light-dark bottles 

for estimatcs of primary production (sec Section 6.1.. Primary Production). In most lakes 

however. the agreement between the seechi disk depth and actual attenuation of PAR ranges 

from about 5 to 15% of incident radiation (Wetzel. 1983). the actual percentage usually being 

some function of suspensoid conccntration or dissolved color in the system. 
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Extinction coefficients and perccnt transmittance per metre for the two ponds are presented 

in Table 5.7.1. The secchi depth for Grenadier A started out at about 2m for the firs! 2 

cycles, progressively deepened to 4m by cycle 4 and then averaged 1.2m (range 0.8·1.3m) for 

the remainder of the summer (Table 5.7.1.). Mean secchi was 2.0m. At Grenadier B, the sec-

chi depths ranged from 0.8m to the bottom (1.5m). These transparency patterns correspond 

reasonably well to the changes in phytoplankton biomass as represented by chlorophyll. Shal-

low secchi and high chlorophyll occurring at the first sampling period, deeper secchis (clearer 

water) and lower chlorophylls through cycle 5, followed by higher chlorophyll values and 

corresponding shallower secchis for the remainder of the summer period. 

Table 5.7.1.: Extinction Coefficients (-n), 
Percentage Absorption per Metre (% absorption) 

Depth of 10% PAR and Secchi Disk Depth (SOD) 

Grenadicr Catfish 
cycle -n % 10% PAR SOD -n % 10% PAR SOD 

absorption absorption 
I 1.0 65.0 ~~ 1.8 2.5 91.8 0.9 0.8 
2 .89 58.9 : .8 3.0 1.8 83.5 1.2 J.3 
3 .67 48.8 3.3 3.5 I.3 72.7 
4 .49 38.7 4 .~ 4.0 ~.6 92.6 1.8 0.7 
5 .83 56.4 : .'7 ~~ 3.8 97.8 1.0 0.5 
6 1.1 66.7 :.0 I.5 3.3 96.3 0.6 0.5 
7 1.3 7:.7 1.7 I.5 4.6 99.0 0.7 0.5 
8 1.6 79.8 1.6 0.8 4.6 99.0 0.5 0.5 
9 1.4 75.3 I.7 1.0 4.6 99.0 0.5 0.5 
10 1.3 :7.3 : .0 1.0 3.8 2.2 0.5 0.5 
II .95 61.3 : .3 I.~ :.8 93.9 0.8 0.5 

Secchis in Catfish started out at 0.8m. deepened to 1.8m and then remained at O.Sm for the 

remainder of the summer. Mean se.:chi was O.bm Transparency patterns in Catfish are less 

sensitive to changes in chlorophyll than was the casc in Grenadier. The first increase in sec-

chi from 0.8 to 1.3 docs correspond to decreasing chlorophyll, but the secchi continues to 

dcepen to 1.8m while chlorophyll rema ins virtually the same. Progressive decreases in secch i 

to 0.5 through cycles ~ and 5 correspond to increases in chlorophyll in those cyclcs but the 

~ecchi then remains at 0.5 while tOlal chlorophyll values vary belwecn 6.1 and 77. 1 mg. m-] 
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The relationship between the secchi disk depth and the actual depth at which 10% of PAR 

occurs are plotted in Figure 5.7.3. The primary line (------) corresponds to a secchi that esti

mates the actual depth of 10% PAR penetration. It is bounded by lines ( ..... ) that represent the 

5 and 15% depths. The relationship between secchi and 10% PAR in Catfish is good, all cycle 

values for Catfish fit within the 5-15% envelope of Figure 5.7.3. The slope indicates that the 

secchi approximates the depth to which 13% of PAR penetrates. 

While the relationship between secchi and 10% PAR is reasonably good in Grenadier the 

slope (0.67) suggests that sec chi disk depth greatly underestimates the depth to which 10% of 

PAR penetrates in Grenadier. Table 5.7.1. indicates that the actual percentage of PAR 

represented by secchi varies from an 8% overestimate to a 105% underestimate. 

On a cycle-by-cycle basis, Figure 5.7.3. suggests that cycles 1-7 will fit the 5-15% envelope 

leaving only cyclcs 8 - II as outliers. It is these cycles that Table 5.7.2. indicates are also the 

most discordant, i.e. the Sccchi indicates that the water is at its murkiest while the actual 

depth of 10% PAR penetration is around 2 metrcs (1.6-2.3m). These are also the cycles dur

ing which nannoplankton numbers arc the highest in Grenadier (sec Figure 6.3.1., Section 6.3.) 

and suggesting that there is some critical value of suspensoids above which the nature of the 

secchi disk depth-IO% PAR relationship changes. However, nannoplankton biomass in Catf

ish is significantly higher than in Grenadier and ranges across values an order of magnitude 

apart with no apparent shift in secehi-PAR slopc. 

In and of itsclf the failure of secchi to precisely predict a givcn amount of incident radiation is 

rcl:ltively immaterial. In thc abscnce of an ex S i lll incubator, the secchi is used as a guide for 

III SI/II incubation of light-dark bottlcs. A sccchi depth grcatcr or Icss than 10% incident light 

will result in over or underestimates of the extent of the euphotic zone, misrepresentation of 

the nature of the photosynthetic profile and subsequent error in calculations of areal primary 

productivity. These can be reasonably well corrected by subsequent referral to the PA R pro

fi'le and merely should unde,,"core the need for photon Oux data for estimates of productivity. 

Despite the existence of a theoretical relationship between secchi and 10% PAR. it is 
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interesting th:lt primary producti vity as determined by net oxygen evolution docs not occur 

down to the depth of twice the secchi in either pond and hence does not occur at PAR levels 

abovc 10%. While there is evidence of some oxygen evolution in the light bottle at the 2X see

chi depth, photorespiratory or photochemical BOD always reduces the light bonle oxygcn 

concentration to less than that of the initial (Section 6.1.). 

5.7.4. Grenadier 1983 and 1976 

Wainio el al. (1976) rcport Grenadier seechi depths varying from 0.7 to "less than I mo.. There 

arc no specific dates given for the secchi data collection. It is possible that the shallow secchis 

were all taken after the July turnover. If however the data span the 1976 sampling season, our 

secchi values which range from O.8m 10 4.0m indicate that transparency in Grenad ier is con

siderably improved over 1976. Actual improvements in water Quality are supported by com

parisons of oxygen data (Section 5.3 . ~), pH data (section 5.4.1) and changes in zooplankton 

community structure (Section 4.6.~.1 . 

5.8. Chemical Parameters 

Nutrients were monitored 31 I and : weel-.. intervals based on the conservative non

conservative nature of each clement. Comparisons of means and standard deviations for a 

data set N a II (samples collected e"cry week) and a data set N ~ 7 (samples collected every 

week) show no significant d ifferences . Alternative week sampling should be adequate for a 

program of routine monitoring. 

5.8.1. Mean I'utrient Chemistry: Grcnadler and Catfish 1983 

Mean primary water chemistry data arc presented in Table 5.8.1. Cycyle by cycle data can be 

found in Appendix 8. Stations A and B in Grenadier arc Quite similar. Iron appears some

~'hat elevated at Station 8 but none of the differences between the 2 stations are significant 

(p<.O I). 
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Table 5.8.1.: Mean Primary Water Chemistry 
For Grenadier and Catfish ponds. 

Vari_afle GA G-B C H-C O/OHC/ C 
(g.m ) 
Mg 22.7 22.8 30.4 35.8 117.8 
Na 176.5 176.4 235.7 1960.0 832.7 
K 3.68 3.60 17.70 24.9 140.7 
Mn 0.114 0.075 0.126 2.68 21.27 
Fe 0.099 0.285 0.338 lAO 414.2 
SO 71.60 73.60 51.14 30.49 
Sid 3.07 2.73 2.21 6.8 307.3 
TP 3 0.086 0.087 0.118 4.58 3881.4 
SRP 0.038 0.034 0.07 3.7 
NH4 0.27 0.377 0.32 
N03 <.06 <.017 .078 

NO~ 0.12 0.01 0.124 0.016 
TK 0.82 0.86 1.36 
DOC 3.08 3.08 5.0 7.5 

GA - Grenadier site A, GB - Grenadier site B, C - Catfish, 
H-C - Catfish hypolimnion, %HC/C - % of Catfish values di
vided by Catfish hypolimnion 
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Most elements appear lower in Grenadier than Catfish. However only the differences in Mg, 

Na. K , Fe, and DOC are significant (p<.O I). SO 4 and Si03 are the only two elements appear

ing higher in Grenadier but only the di/Terences in SO 4 are significant (p<.O I). The only 

di/Terence that appears greatly out of line is in the potassium data. Mean K in Catfish is 17.7 

mg.L compared to 3.6 mg.L in Grenadier. We have no explanation for the unusually high K 

levels in Catfish. While K itself has no toxic properties the high levels suggest further chemi-

cal sampling for a possibly toxic counter ion be undertaken (cyanide). All elements with the 

cxception of NOZ are elevated in the monimolimnion of Catfish. 

Comparisons of system chemistry in Catish and Grenadier, relative to other hard water lake 

systems, show that all major metals and li8ands arc elevated (Table 5.8.2.), although the eleva-

tion in Na and CI stand out; Na comprises 56.2 and 60.1% of cations in Grenadier and Catfish 

compared to 2.8 - 16.4% in less impactcd systems. 

Elevated major ion composition probably only renects the generally higher loadings imposed 

on urban systems. If it exerts any e/Tects on the biology of the system other than the 
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Ca 
Mg 
Na 
K 

CI 
IC 

Table 5.8.2.: Metal and Ligand Equivalence 
Comparisons and Equivalent % 

for Grenadier, Catfish, 
and Other Selected Lakes. 

Lake 

Ontario Erie K Lakes 0 Lakes Grenadier Catfish 

(%) (%) (%) (%) (%) (%) 
2.14 66 1.84 61.5 1.40 80.9 1.65 70.2 3.94 29.1 3.9 22.8 
0.53 16.4 0.64 21.4 0.26 15.00.51 21.7 1.90 14.1 2.50 14.6 
0.53 16.4 0.48 16.1 0.05 2.8 0.16 6.8 7.60 56.2 10.30 60.1 
0.04 1.2 0.03 1.0 0.02 1.2 0.03 1.2 0.09 0.6 0.44 2.6 

0.75 22.2 0.67 22.6 0.03 1.7 0.16 6.5 6.00 44.4 6.90 42.3 
1.88 55.6 1.80 60.6 1.52 85.4 2.06 83.7 6.00 44.4 8.40 51.5 

S04 0.75 22.2 0.50 16.8 0.23 12.9 0.24 9.8 1.50 11.1 1.00 6.1 

Catfish 
mOOlmo
limn ion 

2.9 
85.30 

0.64 

128.40 
154.0Q 

0.6 

Page 45 

meromixis inflicted on Catfish for morphological reasons (Section 4.2.) it might actually be 

beneficial in reduced respiratory costs associated with maintaining an optimal internal osmotic 

environment (H.H. Harvey, pers. com.). Eutrophication is the most obvious effect of elevated 

load and it is not directly associated with the major metals and ligands but with the poten-

tially limiting micro nutrients, phosphorus and nitrogen. 

5.8.2. Phosphorus and Nitrogen 

Total phosphorus and total organic nitrogen levels place Grenadier and Catfish into the 

eutrophic or marginally hypereutrophic productivity class (Total Phosphorus> 100 mg m-3, 

Organic Nitrogen < 700-1200 > mg m-\ Total phosphorus averages 86.3 mg m-3 in Grena

dier and 1:!5.6 mg m-3 in Catfish. Organic nitrogen values are 833.0 mg m-3 in Grenadier and 

1242.0 mg m-3 in Catfish. Total inorganic nitrogen values are somewhat lower than might be 

expected. Summer average values were 3~0.9 mg m-3 in Grenadier and 474.5 mg m-3 in Catf-

ish. Values which place the ponds in the slightly less productive meso-eutrophic category 

(Wetzel 1983). Lower than expected inorganic nitrogen lends support to the hypothesis that 

the ponds arc nitrogen rather than phosphorus limited. 
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Average total phosphorus values in Grenadier are substantially lower than those reported in 

Wainio el aI. 1976 (83.6 versus 1200 mg m-3). Some of the differences in phosphorus concen-

tration may reflect different methodologies, however, water clarity has improved substantially 

since 1976 (Section 5.7.4). A real reduction in phosphorus loading to the system may have 

occurred. However improvements in water quality as a function of decreasing phosphorus 

concentration does not square with the Wainio el aJ. contention that nitrogen is the limiting 

nutrient for algal growth in Grenadier. 

The question of which element limits production in an aquatic system has implications for 

watershed management, phytoplankton dynamics and plankton nutritional quality over and 

above supporting/failing to support a primary causation hypothesis for water quality changes. 

Phosphorus is reasonably amenable to watershed control strategies and systems under phos-

phorus limitation respond reasonably quickly to reduced loadings. The large atmospheric pool 

of nitrogen confounds control of that nutrient and improvements in trophic starus for systems 

under nitrogen limitation are difficult. 

Wainio el al. (1976) base their suggestion for nitrogen limitation on the low inorganic N:P rat io 

(0.6). E N03 + N02 are substantially lower in 1983 than 1976 (95.9 mg.m-3 versus 500 

-3 -3 mg.m ). NH4 levels are also reduced (~l:!.:! versus 300 mg.m ). Phosphorus levels are also 

lower so the 1983 total inorganic nitrogen:total phosphorus ratio remains low (3.6) and still 

indicates potential nitrogen limitation. Ho""e\'er neither total inorganic nitrogen nor total 

phosphorus are significantly correlated to either chlorophyll or volumetrically determined 

phytoplankton biomass in Grenadier. 

Soluble reactive phosphorus forms a relatively large percentage of total phosphorus in Grena-

dier (32.6%) relative to most lakes (reported ranges 5.9 - 13%, Wetzel 1983). High availability 

of this supposedly biologically available form of phosphorus is further evidence that phos-

phorus is not in particularly short supply, Section 6.5,3, suggests that biological interaction 

,5pecifically zooplankton grazing on phytoplankton is the most important density regulating 

mechanism in Grenadier. If so, nutrients would be much less important in determining 
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biomass of phytoplankton: hence the nonsignificant correlations. The relatively stable urban

ized watershed of Grenadier presents limited opportunity for reductions in nutrient loading. 

The uncoupling of nutrients from phytoplankton suggests that biological manipulations e.g. 

changes in fish or benthic community structure might be more successful as strategies for 

management of production in Grenadier. 

Inorganic nitrogen to total phosphorus ratios in Catfish are also suggestive of nitrogen limita

tion (3.7). However, plankton nutrient relationships (both nitrogen and phsophorus) in Catfish 

are significanL Interestingly more variance in chlorophyll is explained by phosphorus but 

more of the variance in volumetrically determined phytoplankton biomass is explained by 

total inorganic nitrogen. Soluble reactive phosphorus levels are substantially lower in Catfish 

(7.6%) compared to Grenadier and on 2 occasions are below limits of detection suggesting that 

phosphorus may be the limiting nutrient in Catfish; alternatively blue-green algae do dominate 

the plankton community for cycles 5 - 8. Organic nitrogen:organic carbon ratio is higher in 

Catfish than Grenadier (3.9 versus 3.3) and somewhat suggestive of nutrient status but without 

tissue nutrient analysis it is impossible to determine whether phosphorus or nitrogen is the pri

mary limiting nutrient in Catfish. If nutrient management stategies are to be implemented 

additionaly nutrient analyses, plankton tissue analyses and perhaps limno corral nutrient 

reduction experiments are warranted. 

5.8.3. Water Column Heavy Metals 

Heavy metals analyzed in the water column of Catfish and Grenadier were cadmium, 

chromium, copper, lead, zinc and mercury. Only copper exceeded government guidelines 

(MOE 1984) Table 5.8.3. We have no explanations for the high copper concentrations. There 

are, to the best of our knowledge, no industries located ncar to the ponds which use copper or 

produce it as a by-product in significant quantities unless material is being illicitly dumped. 

<,nother possibility may be use of copper containing algicides or molluscicides but we have no 

data suggesting application of either in the ponds. Concentration data from Lake Huron 
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System 

Grenadier A 

Table 5.8.3.: Water Concentrations of Heavy Metals 
in Catfish. Grenadier and Lake Huron 

Cycle Cadmium Chromium Copper 
mg/L mg/L mg/L 

Cycle I 0.0003 0.003 0.018 

Lead 
mg/L 

0.007 
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Zinc Mercury 
mg/L ug/ L 

0.007 0.02 
Cycle II 0.0002· 0.001· 0.012 0.003· 0.010 0.06 

Grenadier B 

Catfish 
Mixolimnion 

Catfish 
Monimolimnion 

Lake Huron 
( 1976) 
(!J.e. Reporta) 
(1976) 

Cycle I 0.0002 
Cycle II 0.0002· 

Cycle I 0.0002· 
Cycle II 0.0002· 

Cycle 7 0.0005 

<.0002 

0.002 O.oI8 0.006 
0.001 0.010 0.005 

0.003 0.011 0.008 
0.002 0.007 0.008 

0.010 0.027 0.010 

<.0002 0.0015 <.001 

MOE 
Guidelines 
(1984) 

0.002 0.100 0.005 .005-.025 
1 1 1 

• 
indicates actual value is less than reported value 

a International Joint Commission on The Great Lakes 
1 unfiltered water sample 
2 dependent on alkalinity as CaC03 
3 filtered water sample 

2 

0.005 0.02· 
0.003 0.10 

0.012 0.02 
0.012 0.01 

0.014 0.02 

0.002 <.00005 

0.030 0.2 
1 3 

(U.e. 1976) are included in Table 5.8.3. for comparison of urbanized to a relatively unurban-

ized system. Cadmium in Catfish and Grenadier is enriched approximately 1.5 times over 

Lake Huron. chromium approximately 10 times. copper is approximately 7 times higher in the 

urban systems. lead is 8 times higher. zinc 6 times highcr and mercury 1200 t imes highcr. 

There are no major difTerences between Grenadier and Catfish in terms of heavy metals. 

Copper concentrations are slightly higher in Grenadier. Zinc concentrations arc somewhat 

more elevated in Catfish. All clements with the exception of mercury are elevated in the 

monimolimnion of Catfish (Table 5.8.3.). 
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5.8.4. Sediment Chemistry 

5.8.4.1. Sediment NUlrienlS 

Table 5.8.4. lists sediment concentrations of total phosphorus, organic nitrogen and organic 

carbon. 

Table 5.8.4.: Sediment Nutrient Concentrations 
in Grenadier and Catfish 

Nutrient(mg/g) 

Total Phosphorus 
Total Kjeldahl Nitrogen 
Total Organic Carbon 

Catfish 

1.4 
5.0 

70.00 

Grenadier 

0.8 
5.6 

61.00 

Phosphorus and organic carbon are higher while organic nitrogen is reduced in Catfish com-

pared to Grenadier. 

5.8.4.2. Sedimenl Hea,'.,· Metals 

Sediment concentrations of heavy metals. as might be expected, are higher than the water con-

centrations. Table 5.8.5. indicates sediment metal concentrations for Catfish and Grenadier 

with Lake Huron. shown again ror comparison. 

In contrast to the water column data cobalt. chromium. mercury and nickel were substantially 

higher in Lake Huron than in Catfish and Grenadier. Arsenic, cadmium, lead, and zinc were 

higher in the ponds. copper values were similar between Lake Huron and Grenadier, and 

slightly elevated in Catfish. Sediment concentrations arc always higher in Catfish than in 

Grenadier. 
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Table 5.S.5.: Sediment Concentrations of Heavy Metals 
in Grenadier, Catfish and Lake Huron 
(International Joint Commission, 1976) 

Element(ug/g) Catfish Grenadier Lake Huron (1976) 

Iron 22000 12000 NA 
Manganese 910 600 NA 
Aluminum 12000 6100 NA 
Arsenic 8.91 8.31 l.l 
Cadmium 2.60 1.70 1.4 
Cobalt 6.00 3.10 17 
Chromium 2S.00 IS.00 32 
Copper 62.00 44.00 32 
Mercury 0.19 0.16 0.217 
Nickel 22.00 12.00 39 
Lead 430 290 49 
Zinc 570 260 62 

5.8.4.3. Sediment Organics 
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Grenadier and Catfish sediments were analyzed for Aldrin, A-BHC, B-BHC, G-BHC, A-

Chlordane. G-Chlordane. Dieldrin. DMDT. Endosulfan I and II. Endrin. Endosulfan Sulphate. 

Heptachlorepoxide. Heptachlor. Mircx. Oxychlordane, OP-DDT, PCB Total, PP-DDD. PP-

DOE, PP-DDT. Hexachlorobenzene. All were below the limit of detection. 

5.9. Bacterial Water Quality Indicators 

5.9.1. Catfish and Grenadier 1983 

Means and medians for four bacterial analyses are presented in Table 5.9.1. For all cases in 

Grcnadier numbers reported are higher at station B. than station A. Fecal coliform (FC) and 

fecal streptococcus (FS) levels in Catfish arc higher than either station in Grenadier. Pseu-

domonas aerugillosa and heterotrophic bactcria in Catfish are higher than station A in Grcna-

dicr but not as high as station B. 
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Table 5.9.1.: Bacterial Analyses: 
Means (x), Geometric Means (GM) 

and Medians (M). 

Sampling Variable FCMF FSMF PSAMF 
Site 

J 2 J 2 J 2 

x 20 (3) 8 (I) 
GA GM 15 (3) 

M 8 (II) 5< (I I) 2< (3) 

x 350 (4) 94 (2) 54 (5) 
GB GM 62 (4) 47 (2) 9 (5) 

M 28 (II) 5< (I I) 2< (I I) 

x 676 (5) 374 (3) 81 (4) 
C GM 117 (5) 135 (3) 16 (4) 

M 60<s>" (11) 20<=> (11) 4 (9) 

A = Fecal Coliform 
B = Fecal Streptococcus 
C = Pseudomonas aeruginosa 
D ~ Pseudomonas aeruginosa 
E = Heterotroph 20 • C 
1 = count/ I OOmL 
2 = (n) 
3 = count/mL 
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PSAMFB HB20 

1 2 3 2 

9 (2) 2.4E5 (9) 
7 (2) 1.5E5 (9) 
2< (II) 2.4E5 (II) 

5 (4) 5.8E5 (10) 
36 (4) 1.2E5 (10) 
2< (II) 6.7E5 (I I) 

82 (5) 3.8E5 (10) 
23 (5) 2.9E5 (10) 

4 (8) 3.5E5 (II) 

Means (x) and GM include only those data points not reported as < (less than reported value) 
or <=> (approximate result) in Appendix 4. Data reported as > (greater than reported value) 
were included in the Mean as the reported value. 

Analyses for fecal coliform. fecal streptococcus and Pseudomonas aeruginosQ are used as quan-

titative indicators of situations where fecal matter in aquatic systems is likely to pose a threat 

to human health. Both Grenadier and Catfish have high levels of heterotrophic bacteria (indi-

eating high organic loading) but only Catfish represents a ·potential health hazard" (a.k.a. fecal 

coliform geometric mean density for a series of water samples in excess of 100 cells per 100 

mL. MOE 1984). 

A potential health hazard also exists where P. aeruginosQ (PSAMF and PSAMFB) can be 

·cnumerated and frequently isolated" (MOE. 1984). PSAMF are found in both Grenadicr and 

Catfish in every cycle. However numbers only appear high in Catfish, numbers in Grenadier 

arc almost always less than 2/ 100m!. 
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While fecal streptococci are also indicative of sewage contantination, their numbers are gen

erally combined with the geometric mean fecal coliform count to generate FC / FS ratios as 

indicators of contantination sources. If the ratio is greater than 4, the sewage sources are likely 

human, a ratio of less than .7 suggests the source is likely non- human animals. These ratio 

lintits are generally only considered reliable when the FC count is at least 100 cells per decili

tre (MOE, 1984). 

FC/FS ratios for the summer 1983 data are inconclusive: ratios for both Grenadier and Catf

ish are between .7 and 4 (1.3 and .9 respectively). Scarce el al. (1964) have cited reduced abil

ity for FS in natural systems as compared with Fe. If so the FS/FC ratios presented may 

therefore be artificially high as sampling stations were a considerable distance from outfall 

sites. 

5.9.2. 1982 Watershed Bacterial Sampling 

In 1982 the City of Toronto Dept. of Public Works conducted a bacteriological survey of 

eleven stations on the Grenadier/Catfish pond watershcd(Appendix 4). Of the eleven stations 

tested ten had geometric moan FC levels greater than 100 cells per decilitre (129-6546 

FC/ lOOrnl); of those ten, two were from pond sites, whilc thc remaining eight were sewer and 

outlct outfalls. Two sites on the Grenadier watershed had extremely high FC counts: the storm 

sewer outfall near Bloor street and Clendenan avenue (6546 FC/IOOrnl) and the sewer outfall 

at the south end of Ellis a'·enue (~0'l3 FC/ looml). FC were also elevatcd but FC/FS ratios 

were never above 4 (general accepted evidence for human fecal contamination). For most sites 

ratios were below .7 (indicating an animal source of contamination). Analysis of the FC/FS 

ratio is ambiguous at the Clendenan/Bloor outfall whereas the Ellis avenue location margi

nally indicates non-animal fecal contamination. 

Scwer outfalls in the watershed of Catfish pond had generally lower Fe and FS counts than 

Grcnadier, FC/ FS values for the two sewer outfalls sampled indicate sewage of non-human 

animal origin. The structure and age of the sewcr systems in Grenadier's watershed suggests 
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that cross connected sanitary sewers and/ or the lack of sanitary capacity when peak ram 

event runoff, exceeds sanitary sewer capacity are responsible for the high fecal loadings to 

Grenadier. Reduced fecal loading in Catfish seems reasonable considering the degree to 

which the sewers in the Catfish watershed were constructed (separating sanitary flow from 

natural runoff (Elstad, 1983). 

5.9.3. Bacterial Loadings and Rainfall 

The 1982 and 1983 data suggest that sewage contamination is primarily entering the ponds via 

storm sewers. There should, therefore, be a relationship between rain events and FC values. 

This will result from three processes: I) animal feces being washed into the system 2) overflow 

of sanitary sewers into storm sewers during peak storm events, and 3) flushing out of organic 

deposits built up in the sewers during low flow conditions. 

Figure 5.9.1. plots the fluctuations of FC concentration and daily rainfall over the collection 

period for the summer of 1983. While by no means rigorous there is a correspondence evident 

between daily rainfall and FC count for Grenadier B and Catfish stations. The relationship is 

not clear for the data from Grenadier A - understandable considering its location relative to 

inflow sites. Investigation of the relationship between daily rainfall and FC counts for the 

three stations found that only station Grenadier B displayed a significant correlation between 

FC and rainfall. The estimator: rainfall lcss than and equal to 2 days prior to sampling date 
, 

gave the most significant relationship (r- - O.7~. P<- O.OI). 
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6. PLANKTON PROCESSES 

6.1. Primary Production 

In terms of primary production. Grenadier and Catfish are both highly productive systems i.e. 

mean primary productivity > 1~5 mg mg.o 2.m-2.h- 1 (Likens 1975. Wetzel 1983). 

Mean areal gross primary production is somewhat higher in Catfish than Grenadier (862 and 

766 mg.02.m -2.h -I. respectively) though net production is higher in Grenadier (Table 6.1.1.). 

POND 

Grenadicr 
CatfiSh 

Table 6.1.1.: Mean Depth Integral of 
Gross and Net Primary Productivity. 

Specific Photo3Ssimilation. and 
Ranges Observed in Net Photosynthesis 

in Catfish and Grenadier Ponds. 

MEAI': DEPTH I:"'TEGRAL OF 
Gross Primary "et Primary Specilic 
Productivil), Producth it)" Photoassimilation 

-' -I -' -I C)-I -I mgO,.m -.h . mgO,.m -.h . mgO,.(mg HLa .h . 

766 
86: 

473 
404 

13.1 
8.2 

Range Observed 
in Net 
Photosynthesis 

A -3-1 mg , .m .h . 

30 - 630 
160 - 380 

Higher gross production in Catfish IS in Kccping with its higher phosphorus and nitrogen lev-

els. while its lower net rate of production reflects the higher respiratory costs associated with 

either thc lower light regime or nitrogen Ii.ation (Section 6.4.). Specific photoassimilation 

(mg.O O2 (mg CHLaf I h -I) is also reduced in Catfish over Grenadier. 

Reductions in ratcs of pholO3ssimiIJtion arc associated with deterioration In the quality of 

algal environmcnt (Wright. 1960. Steele and Baird. 1962). For shallow. turbid. nutritionally 

rich waters the factor often cited in the environmcntal deterioration is selfshading associated 

with reductions in PAR (Westlake 1980). 
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6.1.1. Photosynthetic Profile Development 

Phytoplankton are generally expected to photosynthesize to a depth at which approximately 

1% of incident light penetrates. For ex situ incubation of light dark bottles this depth is 

approximated by 2X the secchi disk depth. 

Phytoplankton arc also subject to photoinhibition - a reduction in rate of photosynthesis at 

high light levels. Consequently, a photosynthetic profile often develops with a reduced rate of 

productivity at the surface, maximum productivity at some depth x in the water column, gra-

dually attenuating down to the depth of light limitation. This usual scenario is not often found 

in either Grenadier or Catfish. Photo inhibition is seen in 5 of II sampling times in Grenadier, 

but only on two occasions in Catfish. However, net oxygen evolution is never observed at 2x 

the sccchi depth in either pond and at the I x secchi depth on only two occasions in Catfish 

and 5 in Grenadier. There is usually evidence of photosynthetic oxygen generation in these 

samples since light bottle values arc higher than dark bottles (or there is an increased rate of 

dark respiration). However. neither bottle is as high as the initial oxygen concentration mak-

ing calculation of production values impossible. 

6.1.2.1976 - 1983 Grenadier Comparisons 

Comparisons of productivity values with Wainio et al. (1976) are difficult. Wainio cites a Ran

dall (1974) dcrived value for net primary prOductivity of 2.62 mg.02.L.h- I Even assuming 

the 2.62 figure is the euphotic zone wcightcd composite, the value translates to 4685 

mg.02.m-2 h- 1 (based on 3:1 conversions of Westlake el aI., 1980). This is significantly higher 

than one of the highest spot rates of net primary production ever reported, 745 mg.0
2

.m -2.h-1 

at Smith Hole. Indiana (Wetzel 1973). The full bibliographic citation for Randall (1974) is 

missing from the Bibliography of Wainio el al. (1976). We can find no record of a Randall 

thesis at the University of Toronto. We fe-el the reported figure in Wanio el al. 1976, is 

incorrect however we arc a\ a dead end in chasing it down. Subsequently, we can draw no 
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conclusions as to changes in rates o[ pr imary production in Grenadier. 

6.1.3. Areal Hypolimnetic Oxygen Deficit 

The areal hypoiimnetie oxygen deficit (AHOD) was calculated [or Grenadier pond [ollowing 

standard methodology except that oxygen proliles rather than thermal proliles were used to 

estimate the depth o[ the "hypolimnion". This procedure was done as the pond does not 

undergo complete thermal profile development due to its shallow basin (Section 4.2.), and 

therefore the depth at which anoxia occurred was [elt to be a more accurate estimation for 

areal productivity. 

Deficits were calcul3!ed [rom the beginning o[ the sampling period through when mixing 

entrained some oxygen in the lower waters (Section 5.3.1.). The early summer AHOD was 

0.336 mg 02 cm·2 daysl By cycle 10, AHOD had increased to 0.866 mg 02 cm·2 daysl 

Averagc AHOD was 0.601 mg 0, em·2 daysl. 
~ 

The Grenadier AHOD value supports the evidence o[ a number o[ other indicators that 

Grenadier is a highly eutrophied system (Table 6.1.2.). 

Table 6.1.2.: Areal Hypoliqmetic Oxygen Deficits 
• ·1 (mg.0 2.cm -.day ) 

LAKE AHOD CHLa Z 
(m~ 

T 
( .~) 

SOURCE 
(ug/L) 

Superior O.O~ 1.1 1~5 4.0 a 
Georgian Bay O.O:~ I.': ~5 4.0 a 
Ontario 0.1:5 4.8 70 4.0 a 
Central Basin Eric 0.033 5.5 3.3 11.0 a 
East Basin Eric 0.061 4.3 13.4 8.0 a 
Michigan 0.088 :.3 84 4.0 a 
LEWG lakesct 0.019 ':.:7 13.5 NA 
(37 lakes) range range range b 

(0.003·0.04) (0.3·7.5) (0·49) e 
Grenadicr 0.601 8.: 3 21.3 

a Charlton, 1980 
b Fulthorpe and Paloheimo. 1985 
c Zimmerman el al .. 1983 
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Charlton (1980) proposed a model to estimate AHOD based on productivity (Chla), hypolimn-

ion thickness and temperature . The model fits very well for Grenadier, (SUbstituting the thick· 

ness of the oxygen defined hypolimnion for the thermally defined hypolimnion). The calcu

lated value was 0.603 mg O2 cm-2 days-I which is virtually identical to the average of the two 

calculated AHODs. The AHOD model was not designed for systems as shallow as Grenadier. 

We feel the close correspondence of the model to the actual AHOD in the Grenadier system 

suggests that the majority of production in the system is autochthonous. 

Details of calculations can be found in Appendix 6. 

The meromictic condition of Catfish renders AHOD calculations impossible for this system. 

6.2. Chlorophyll 

Chlorophyll concentrations (TOT CHL) are significantly higher in Catfish than in Grenadier, 

(Table 6.2.1.). Concentrations of chlorophyll per cell (0.7 vs. 0.4 ng.celC I) are also higher in 

Catfish. The concentrations of chlorophyll a (CHLa) and chlorophyll b (CHLb), the two com

ponents of tOlal chlorophyll are also significantly higher in Catfish (Table 6.2.1.). However, 

the proportions of total chlorophyll altributabk to chlorophyll b (CHLb/ TOT CHL) arc not 

different between the ponds. nor are the percentages of total chlorophyll a that are actually 

active chlorophyll (as opposed to phaeopigment. CHL/CHLa PHAO) diITerent (Table 6.2.1.). 

DRAFT 

Table 6.~.1.: Significance Levels for T-tests 
For Various Chlorophyll Components 

in Catfish and Grenadier Ponds 

POND 
Chloroph) II Grenadier Catfish 
Component 
(ug/ L) 

TOT CHL 16.4 38.4 
CHL 13.4 29.1 
CHL' 3.0 9.3 
CHL b ITOT CHL 0.18 0.24 
OIL~ 'ClIL, ~ PHAO 0.18 0.38 
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6.3. Phytoplankton Biomass 

A verage mean wet weight volumetric phytoplankton biomass is significantly higher in Catfish 

than Grenadier (6540 mg.m-3 and 3871 mg.m-3 respectively). 

Cycle 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 

II 

Table 6.3. 1.: T-Test Results for Phytoplankton 
Communities in Grenadier and Catfish ponds. 

Size 
Class 

Mean Ab~danee 
(# xlO IL) 

Grenadier Catfish 

Standard Deviation 

nan no 
non-filaments 
filament 
total 
• p < 0.05 

2.12 6.86 
0.56 0.26 
0.04 0.07 
2.71 7.22 

Grenadier 
1.02 
0.89 
0.03 
1.30 

Catfish 
5.63 
0.23 
0.16 
5.62 

NS - not significant 

Table 6.3.2.: Dominant Algae Classification 
for the Phytoplankton Communities 

Grenadier 
Type Species Type 

Diatoms FragiJaria sp. Greens 
Diatoms FragiJaria sp. Greens 
Diatoms FragiJa"a sp. Greens 
Diatoms FragiJaria sp. Greens 
Diatoms FragiJaria sp. Bluegreens 
Greens HydrodiCI.,·oll sp. Bluegreens 
Dinonagellates Ceralium sp. Bluegreens 
Bluegreens ~krismopcdium sp. Bluegreens 
Dinonagellates Ceralium sp. Greens 

Greens HydrodiclYOII Sf'. Greens 

Bluegreens Me"smopcdium 51'. Greens 

T value 

. 
2.75 
1.04NS 
O.77tJS 
2.59 

Catfish 
Species 

Scenedesmus sp. 
Scenedesmus sp. 
Scenedesmus sp. 
Scelledesmus sp. 
Merismopedium sp. 
Merismopedium sp. 
Merismopedium sp. 
Merismopedium sp. 
Chodalella sp. + 
Closteridium sp. 
Chodalella sp. + 
Ciosleridium sp. 
Chodatella sp. 

In terms of volumetric biomass. nannoplankton make up the majority of biomass in both s1's-

terns. but the percentage of nannoplankton biomass is higher in Catfish (91 .8% and 78.2% 

respectively). 

On a number basis. biomass is also significantly higher in Catfish with nannoplankton again 

dominating both systems (Table 6.3.1.), 
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Fi&Ure 6.3.1. Phytoplankton size classes: Grenadier pond station A. I - filaments. 
2 - fLiaments + netplankton. 3 - maments + netplankton + nannoplankton. 
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Figure 6.3.2. Phytoplankton size classes: Catfish pond. I = filaments. 
2 - filaments + netplankton. 3 - filaments + netplankton + nannoplankton. 
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Cycle by cyclc changcs in filamcnts, net and nan no plankton arc presented in Fi&.ure 6.3.1. for 

Grenadier. Nannoplankton biomass in Grenadier fluctuates across the summer with 2 biomass 

peaks in cycles 3 and 8. These fluctuations appcar tied to the dynamics of herbivorous zoo

plankton in Grenadier (Section 6.5.3.). Netplankton also show 2 peaks (cycle 4 and 7) but 

these fluctuations are unrelated to nannoplankton dynamics. 

Cycle by cycle phytoplankton data for Catfish are presented in Figure 6.3.2. Nannoplankton 

biomass remains relatively constant across the summer until cycle 5, when numbers begin to 

increase substantially. Maximum biomass OCCurs in cyclc II at the end of the summer sam

pling. Net and filamcnt biomass show little change. 

There are taxonomic difTerences between the communities in the two ponds as well. In Grena

dier, the phytoplankton community is dominated by diatoms until midsummer, after that 

blue-greens, green, and (Pyrrophyta) dinoflagellates fluctuate in and out of dominance on a 

weckly basis. The phytoplankton in Catfish exhibit a more classic picture: Domination by a 

monospecific green algae until midsummer, blue-green domination following until late July, 

after which a difTcren~ species of green algae dominates. Dominant types and species for both 

ponds (cycle by cycle) arc listed in Table 6.3.: . 

6.3.1. Chlorophyll Biomass Producti, it y Relationships 

Brylinsky (1980) has reported significant correlations between phytoplankton biomass, chloro

phyll and primary production. Summer averages for Catfish and Grenadier rank similarly for 

all productivity associated variables e,cept net primary productivity (Catfish with higher gross 

primary productivity, chlorophyll. volumetric and numeric phytoplankton biomass) Figure 

6.3.3 . Howc\'cr cyelc by cycle regressions between production and chlorophyll a are only sig

nificant for Catfish (.8: ). 

Correlation coefficients arc higher in Catfish for the relationships between chlorophyll a and 

primary production. and biomass and primary production but lower than that for biomass and 
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Figure 6.3.3.: Correlations among Primary Production, Biomass and Chla; from Brylin
sky (1980) and from Grenadier (G) and (Catfish). 

chlorophyll a (Brylinsky's best relationship). 

No relationships arc significant in Grenadier. Production and biomass relations are strongly 

size dependent (Paloheimo and Zimmerman 1983. Schlesinger, el ai., 1981). We feel the sign i-

ficant relationships in Catfish as compared to Grenadier reflect the higher percentage of phy-

toplankton biomass (and hence primary production and chlorophyll a) in the nannoplankton 

sizc class (91.8). 

6.4. Zooplankton 

6.4.1. 1983 Zooplankton Biomass 

Figure 6.4.1. presents zooplankton biomasses for Catfish and Grenadier. In general, zooplank-

ton biomass is highcr in Grenadier with the exception of cycle 3. Values in Grenadier nuc

tuated about the mean (3213 mg.m3) for the first four weeks of sampling, reached a 
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midsummer peak during cycle 6 and subsequently declined throughout the rest of the sam

pling period. In addition Cladoccra (Bosmilla sp. and Daphllia sp.) in Grenadier appear to be 

more fecund 56% carrying eggs in Grenadier, versus 42.9% in Catfish. Catfish pond zooplank

ton showed a similar pattern with a maximum peak occurring during cycle 3, followed by a 

secondary peak in cycle 5 and a subsequent decline throughout the rest of the summer. 

During early to midsummer, the zooplankton community in Grenadier pond is dominated by 

c1adocera belonging to either the family Bosminidac or Daphnidae. Copepods dominate for 

the last three weeks of sampling (Figure 6.4.2.). In Catfish pond, the c1adocera dominate the 

zooplankton assemblage, for the entire summer, far exceeding copepod biomass (Figure 6.4.2.). 

Table 6.4. L lists the mean biomass in each taxonomic group for both ponds. Mean Daphnidae 

biomass for Catfish gives a somewhat distorted picture due to the extremely large numbers 

during cycle 3 (see Figure 6.4.1.). The total biomass for that cycle was 15783 mgxm3, of 

which 15,722 mg (or 99.6%) was attributed to Daphnidae. Concentrations of Daphnidae were 

less than this for all other cycles. although Daphnidae constituted on average 7) % of zoo

plankton biomass. A complete species list for both ponds can be found in Table 6.4.2. For 

trophic analyses to follow (Section 6.5.) all zooplankton species. except Diacyc/ops bicuspi

dallIs thomasi were considered to be filterfeeders or "herbivores". Diacyc/ops bicuspidatlls 

thomasi was classified as a predator Or "carnivorous" zooplanktor. 

6.4.~. 1983-1976 Comparisons: 

6.4.2.1. Taxonomic alld Temporal CmBldcrallOlu 

Comparisons of the 1983 zooplankton data in Grenadier with that reported by Wainio et al. 

(1976) arc somewhat complicated. Apparently no actual data were collected in 1976. the 

Wainio report presents instead. a re-iteration of data from Rigler () 966). We believe that 

several errors crept into the 1976 cum 1966 data but it is difficult to verify whethcr these 

occurred at the enumeration. calculation. transcription or re-iteration stage of data analyscs. 
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F1eure 6.4.1 Total zooplankton biomass. summer 1983. 
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G - Grenadier pond sl3tion A. C - Catfish pond. 
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F1eure 6.4.2. Copcpod:Cladoceran ratios for Grenadier and Catfish ponds 1 _ Grenadier pond 1966. 
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Table 6.4 .1.: Mean Zooplankton Abundance and Biomass estimatcs 

Pond Taxa Abundance _Bioma:) x # / L x mg.m 

Grenadier Cladocera Daphnidae 40.87 1810.07 
Bosminidae 25.59 893.09 

Copepoda Calanoida 3.43 234.23 
Cyclopoida 26.79 216.37 
Nauplii 0.6 1.1 9 

Rotirera 4.17 81.27 
Mean Total. 3213.0 1 

CATFISH Cladocera Daphnidae 39.66 2425.01 
Bosminidae 10.60 114.99 
Sididae 0.82 2.99 

Copepoda Calanoida 0.03 1.03 
Cyclopoida 6.36 37.69 
Nauplii 0.41 0.60 

Rotlrera 1.24 2.49 
Mean Total. 2594.84 

Tablc 6.4.2.: Zooplankton Spccies List for Grenadier and Catfish ponds 

GROUP FAMilY 
Cladoccra Daphnidac 

Bosminidae 

SPECIES 
Daphma ga/eala melldotae (Birge) 
D. pan'ula (Fordyce) 
Crriodaphnia retieu/ata (Jurine)
Bosmilla longirostris (O.F.MuIler) 
£uhosmina eoregoni (Baird) 
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Sididac Diaphanosoma leuehtenbergianum (Fischer)-
Copepoda Cyelopoida 

Calanoida 
Rotifera Asplanchnidac 

Brachionidac 

• Catfish only 

Diaeyc/ops bicuspidaills thomasi (Forbes) 
Diapt()mllS reighardi (Marsh) 
Asplallchlla spp. 
Krratclla qlladrata 
Acllieollia IOllgispilla 

What were reportcd as "Diaphanosoma rcighardl~ by Wainio are, we bclieve, rcally Dioptomus 

rrighardi. Diaphanosoma are cladoccra while Diaplomus are cope pods. The species in ques-

tion is listcd with thc other copepods and as far as we are aware there is no rcighardi species 

of the genus Diaphanosoma. "Draphallosoma rosea", "Diaphanosoma galea/a", and" Diaphallo, 

soma r. meridOlac" arc we believe only two spccics~ Daphllia rosea and Daphnia ga/ealQ mell-

dorf1.e since ag:tin there arc no known Diaphanosoma. species by those names. "Cyclops 
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rellculaw" is probably Ceriodaphma rellculala since again Cyclops is a cop:pod while 

Ceriodaphnia is a cladoceran, the species in question is listed with the other cladocera, and 

there is no known reticulata species of Cyclops. 

A more intractable error occurs either in the totals reported for each species, or in total clado· 

ceran and copepod numbers reported, since unfortunately, these often do not add up and the 

errors are not systematic. These irregularities make the assessment of whether substantial 

shifts in either species composition or numbers have occurred in Grenadier since 1976 less 

rigorous than we would have liked. 

Comparing the species list reported by Wainio el al., (1976), corrected as above, with the list 

compiled in 1983, Table 6.4.2, only two species differences were found. Rigler's 1966 species 

list included Daph"ia rosea whereas we found Daphnia pan'wa. In addition Diaphanosoma sp. 

was listed by Rigler, but this genus appears to have disappeared from Grenadier as none were 

collected in our 1983 samples. 

Other differences between 1976 (cum 1966) and 1983 arc evident from Table 6.4.3. Using 

only temporally comparable samples the absolute numbers of copepods have decreased by 

over 48%. The average number of copcpods by 54%. Consequently the Copepod Cladoceran 

ratio has increased from 1.89 to 2.16. and c1adocerans have decreased, but the ratio of the 

two taxa has remained relatively constant (comparing only similar sampling time spans from 

the two years and omitting nauplii). 

DRAFT 

Table 6.4.3.: Mean Concentrations of Cladocera 
and Copepoda in 1966 and 1983. 

Date Cladocera Copepoda x Cop';" Clad. 
(x - / L) (x -/L) 

April·No'·. 74.7 68.1 1.09 
1966 
May·Aug. 1~7.3 67.2 1.89 
1966 
May·Aug. 66.46 30.82 2.16 
1983 
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Mean numbers and relative proportions of cope pods and cladoeerans broken into Wainio el 01. 

categories are listed in Table 6.4 .4. As is apparent. the mean numbers are redufed in all taxa 

in 1983, but the relative proportions of cladocera, primarily Daphnids and Bosminids have 

increased. Trends in abundance expressed as Copepod/Cladoceran ratio appear reasonably 

similar between 1966 and 1983 (Figure 6.4.2.). 

Table 6.4.4.: Relative Proportions of Zooplankton 
and Mean Abundances in 1966 and 1983. 

Taxa 

Cladocera 
Copepoda 
Daphnia spp. 
Bosmina spp. 
Total abundance 

Cladocera/Total zooplanKton 
Copepoda/Total zooplankton 
Daphnia/CladocerJ 
Daphnia/Total zooplankton 
Bosmina/Ciadocera 
Bosmina/ TOIal zoopl:mkton 
Daph.+Bos./Total zooplankton 

April-Nov. 
1966 

May-Aug. 
1966 

May-Aug. 
1983 

Abundance (x #/L) 
74.7 
68.1 
37.9 
20.6 
14~.8 

127.3 66.5 
67.2 30.82 
67.3 40.9 
37.2 25.6 
194.5 97.3 

Relative Proportions (%) 

5: 65 68 
48 35 32 
51 51 61 
:6 35 42 
:8 29 39 
I~ 13 26 
41 53 68 

It is difficult to say whether changes in numbers represent significant trophic status changes. 

The shift in community composition to more smallcr sized c1adocerans suggests changes in 

predatory rcgime. While there may ha\ e been changes in fish population structure in Grena-

dier sufficient to effect changes in zooplan~ton community size structure, there are few rcli-

able data on fish species composition and no population estimates that we are aware of that 

would confirm such a hypothesis. 

A marc plausible alternative seems to be thc significant improvement in water clarity that has 

occurred in Grenadier since 1976 (Section 5.7.4.). Increased water clarity has been shown to 

enhance reactive distance of visual predators and reduce effectiveness of prey defense stra-

tcgies (Kitchell and Kitchell 1980). In the Kitchell and Kitchcll study, D. rosea specifically 

was eliminated and replaced by the smaller Bosm;,w sp. when lake euphotic zone was 
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FIIU~ 6.4.1 Total zooplankton biomass, summer 1983. 
G .. Grenadier pond station A, C .. Catflsn pond. 
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increased from 2.7 to 7.0 m. This range compares favorably with the Grenadier Pond increase 

from 0.7-1 in 1976 to 0.8-4+ 

If we accept the disappearance of D. rosea and its replacement by the smaller D. par>'ula, in 

Grenadier Pond, the fate of Diaphanosoma sp. appears sealed. These latter two species are of 

similar size and have been identified as potential competitors (Chow-Fraser, 1982). As we will 

suggest in Section 6.5.3. competition among filterfeeding zooplankton for food is likely to be 

more intense in Grenadier. If Diaphanosoma is the less efficient competitor competitive exclu

sion of Diaphollosoma might be expected. 

We find it interesting that Diaphanosoma and D. pan'lIla co-exist in Catfish; a system for which 

we have postulated weak to nonexistent competitive interactions between filterfeeders. 

6.5 , Plankton Dynamics 

6.5.1. Density Regulation in Pelagic Systems 

Determining the factors that control plankton densit ies in pelagic ecosystems has been the 

subject of intense investigation. In terrestrial systems, primary producers are often large rela

tive to the herbivore community with low rates of replacement. In systems sufficiently benign 

to allow density dependent interspecies relationships, it is generally accepted that the most 

usual mechanism of density determination is predator control of herbivores (i.e. "top down" 

control) (McQueen, pers.com.). If this were not the ease, the theory goes, unchecked her

bivore populations would outstrip their food resource and subsequently perish (Hairston et aI., 

1960), While this scenario docs occasionally happen, it is an essentially unstable situation and 

one that would not be selected for (Odum. 1969). 

It was originall y suggested that pelagic ecosystems represented the counterpoint to the terres

trial system (Wiegert and O"·eo. 1971). The primary producers arc generally smaller than the 

herbivore community with higher replacement rates. It was therefore suggested that density 
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It should be emphasized that these "types" are probably not discrete. The types merely 

represent set P9ints along a continuum with lakes in between under constantly fluctuating I 
mechanisms of density control. For example, Paloheimo and Zimmerman (1983) found that 

over a 4 year period, 37% of a group of 19 lakes "typed" by cluster analysis changed categories 

at least once in that time period while 63% changed categories even more frequently. 

There is not as yet any entirely satisfactory paradigm to explain what determines a lake's type. 

Theoretical systems analyses have suggested that differences in the frequencies of such input 

variables as light and nutrients will result in communities with radically different biological 

structures (Webster el aI., 1979). Schlesinger el ai. (l98 I) demonstrated that the growth rates 

of large and small sized algae were differentially affected by changing light levels. Whlle both 

cell sizes showed reduced growth at lower light levels, the smaller cells' growth rate slowed 

more quickly than that of the larger cells, to the point where both cell sizes were growing at 

the same rate in low light Nalewajko el 01. (1981) showed that algae periodically exposed to 

limiting levels of light (i.e. those growing in epilimnia that were sufficiently deep to include a 

zone of <1% incident light) had lower unit productivity than algae in continuous sufficiently 

lighted epilimnia. She has further demonstrated that small low light adapted algae respond to 

nutrient inputs differently than large low light adapted algae. Zimmerman el 01. (1983) sug-

gested that the relative ratio of the cuphotic lonc to the epilimnia (i.e. sufficiently lighted, 

> I %, versus partially light limited) ... ·as an important predictor for the ratio of nannoplankton 

to filterfeeding zooplankton. 
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Table 6.5.1.: Lake Types and Hypothesized Trophic Links and Characteristics 

Lake Type 

Topdown 
iterative 

Predation based 
alternating 

DRAFT 

Trophic Links 

A. Correlations between phy
toplankton and nutrients weak. 
B. Correlations between her
bivorous zooplankton and phy
toplankton strong. 
C. Correlations between her
bivorous zooplankton and car
nivorous zooplankton strong. 
D. Correlations between zoo
plankton and planktivorous 
fish strong. 
E. Piscivorous [ish rare. 

A. N or P:nannoplankton corr
elations weaker (netplankton to 
nutrients may be stronger). 
B. Nannoplankton:filterfeeding 
zooplankton correlations 
stronger. 
C. Fiherfeeding zooplankton: 
carnivorous zooplankton COr
relations weaker. 
D. Relationship between car
nivorous zooplankton and 
planktivorous [ish stronger. 
E. Rel:l!ionship between 
planktivorous [ish and pis
civorous fish weaker. 

July 28. 1986 

Characteristics 

1. lakes expected below standard publisl 
regression lines for nutrient algal biomass rc 
tionships indicating less efficient and 
underutilization of nutrients by phytoplanktc 
2. mean steady state density of phytoplank 
below that theoretically set by nutrient conc~ 
trations 
3. mean steady state density of herbivr 
higher than resource based alternating 
4. higher filterfeeding zooplankton:nal 
plankton ratios 
5. "competitive" interactions predomin~ 
among herbivores for nannoplankton 
6. nuctuations in mean steady state densit: 
carnivores uncoupled from herbivores 
7. decreased importance of detrital pathwa"· 
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Table 6.5.1. cont.: Lake Types and Hypothesized Trophic Links and Characteristics 

Lake Typc 

Resource based 
alternating 

Bottomup 
iterative 

DRAFT 

Trophic Links 

A. N or P:nannoplankton corr
elations stronger. 
S. Nannoplankton:filterfeeding 
zooplankton correlations 
weaker. 
C. Filterfeeding zooplank
ton:carnivorous zooplankton 
correlations stronger. 
D. Relationship between car
nivorous zooplankton and 
planktivorous fish weak. 
E. Relationship between 
planktivorous and piscivorous 
fish strong. 

A. Relationship between 
nutrients and phytoplankton 
strong. 
B. Relationship between phy
toplankton and herbivorous 
zoopl:lnk ton weak. 
{ c. and D. Herbivorous and 
carnivorous zooplankton 
slrongly correlated ",ilh plank
tivorous fish. 
E. Relationship between 
planklivorous and piscivorous 
fish slrong. 

Characteristics 

1. lakes expected above standard published 
regression lines for nutrient algal biomass rela
tionships indicative of a more efficient utiliza
tion of nutrients than average 
2. mean steady state density of phytoplankton 
at/near maximum theoretically set by nutrient 
concentrations 
3. mean steady state density of herbivores 
lower than predation based alternating 
4. lower filterfeeding zooplankton:nannoplank
ton ratios 
5. "competitive" interactions predominating 
among phytoplankton for nutrients 
6. fluctuations in mean steady state density of 
herbivores relatively independent of nanno
plankton, more dependent upon predation 
pressure from carnivores 
7. underutilization of primary production in 
pelagic zone leads to increased importance of 
detrital pathways (benthic production?) 

July 28, 1986 
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6.5.2. Nutrient Status and Plankton Density Regulation 

The question of the controls on density regulation is currently of intense interest in limnology. 

In addition Catfish and Grenadier represent what traditional typology would predict should 

both be eutrophic systems. In contrast to earlier typologies the lake types we have, described 

in Table 6.5.1, are far removed from traditional nutrient/trophic based lake typologies. 

Nutrient states will certainly deline the limits within which planktonic trophic dynamics can 

operate, but there is no evidence that what we have called topdown and bottomup behaviours 

are exclusively and respectively restricted to oligotrophic or eutrophic lakes (Dalziel, 1985). 

We have tried to evaluate the dynamics of plankton in Grenadier and Catlish within the proto-

col of Table 6.5.1. We believe that both systems are alternating as opposed to iterative with 

Grenadier exhibiting predation based behavior and Catlish demonstrating resource based 

behaviour. Table 6.5.2. presents some of the pertinent relationships between the ponds. Ph os-

phorus, nitrogen and phytopl3nkton abundances 3re higher in Catlish, while zooplankton 

biomass is higher in Grenadier. 

Pond 

Grenadier 
Catfish 

DRAFT 

Table 6.S.:c Mean (i) Plankton Values and 
Nutrient Concentrations for 

Grenadier and Catlish Ponds. 

Variable Grenadier Catfish -x 
TP (ug! L) 86.3 125.7 
IN (ug/ L) 0.38 7 0.50 7 
nan no (,, : L) : .15 .• 10

7 
6.86 x 10

7 nanno+nctl,, ! L) : .68 x 10 7.14 x 10 
herbivorelug 'L) :996.6.1 2557.00 
earnivorc(ug(L) :16 37 
total 2ooplank!on( ug! L) 3:13.01 2594.84 
herbivore( - I L) 74 54 
carnivore(- / L) :7 8 

Table 6.5.3.: Plankton/Nutrient ratios 

.. nanno/ ug-P .. total phyto/ug-P #nanno/ug-N #total phyto/ ug-N 

0.:5 0.08 
0.5.1 0.57 

July :!8, 1986 

56.6 
138.0 

71.3 
144.4 
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Several relationships derived from Table 6.5.1. are of interest vis-a-vis 0 trophic protocols 

and lake behavior. Table 6.5.3. presents the phytoplankton in the ponds as functions of phos

phorus and nitrogen. The ratios clearly show that more units of plankton are produced per 

unit of nutrient in Catfish. A mOre efficient utilization of available nutrients (point I) and 

higher productivity (Section 6.1.) support our contention that the density of phytoplankton in 

Catfish is closer to the theoretical lirrut set by nutrients (point 2). 

6.5.3. Phytoplankton Density Regulation: Competition Versus Predation 

A larger zooplankton community supported by a smaller standing stock of phytoplankton in 

Grenadier, implies a more efficient energy transfer relative to Catfish. This reduced energy 

transfer is also apparent at the next trophic level where Grenadier supports 0.36 

carnivores/herbivores and Catfish only 0.11 carnivores/herbivore. In terms of biomass, the 

percentage decrease in Grenadier is 0.93 or a 7% transfer efficiency, close in fact to the 

theoretical limit of 10%. In Catfish the percentage decrease is 0.986 or only about a I % her

bivore carnivore transfer efficiency. 

Wc would predict from Table 6.S.1. that relationships between nannoplankton and herbivores 

would be tighter in Grenadier than in Catfish. As Figure 6.5.1. demonstrates, herbivorous 

zooplankton in Grenadier appear to track the nannoplankton (<30um) populations, rrumicking 

the nuetuations in abundance of their presumed food resource. The relationship is somewhat 

clouded after cycle 6, when carnivorous zooplankton appear to increase, herbivorous zoo

plankton decrease, and nJnnopbnkton populations increase dramatically. Towards cycle II, 

herbivores increased in abundance as the predacious zooplankton decreascd and again the 

nannopbnkton populJtion decreJsed. (Net plJnkton (>30um) were not included as filterfeed

ing zooplankton arc not believed to select substantial amounts of plankton greater than 30um. 

In addition, the abundance of netplankton was extremely low, and no relationships with the 

other plankton fractions were found). 
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Fi",re 6.5.1. Plankton abundance: Grenadier pond station A summer 1983. N ~ Nannoplankton, 
o - Net plankton. H - Herbivorous Zooplankton, P - Predaceous zooplankton. 
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Figure 6.5.2. shows the relationship between nannoplankton, netplankton, herbivorous and 

carnivorous zooplankton in Catfish. Although there is what appears to be some" very early 

tracking of nannoplankton by herbivores in cycles 2 and 3, the relationship does not continue. 

Nannoplankton and herbivores seem to fluctuate independently in Catfish. 

Figure 6.5.3. expands the relationship between herbivorous and carnivorous zooplankton in 

both Grenadier and Catfish. There arc points of correspondence between herbivores and car

nivores in both ponds. Numbers are low so it is difficult to see any trend between herbivores 

and carnivores. Herbivore populations appear to respond to the cycle 6 increase and cycle 9 

decrease of the predatory zooplankton population in Grenadier. 

Predators increase a bit in cycles 2 and 5 as herbivores increase in Catfish. However, car

nivores remain generally low and do not exhibit strong relationships in either pond. 

Table 6.5.4. presents correlation coefficients for various plankton components in Catfish and 

Grenadier in an attempt to sort out relationships. In Catfish all correlations between phyto

plankton assemblages and nutrient concentrations were significant Table 6.5.4. All were 

higher than any phytoplankton zooplankton correlations in Catfish. All were higher than 

nutrient phytoplankton correlations in Grenad ier as well. This result supports the hypothesis 

that thc major density regulation mechanism in Catfish occurs at the nutrient phytoplankton 

level, i.l!. phytoplankton density is a function of resources (nutrients) rather than predation 

pressure from grazing herbivorous zooplankton. 

In Grenadier. we would predICt that nannoplankton lilterfeeding zooplankton correlations 

would be strongcr than nutrient phytoplankton correlations or nannoplankton filterfeeding 

zooplankton correlatio~s in Catfish. Both arc true (although the nannoplankton nutrient 

correlation is stronger than the phytoplankton nutrient relations and indeed stronger than nan

noplankton filtcrfeeding zooplankton) however the probabilitics associated with those correla

tions arc not high. As Figure 6.5.1. demonstrated. the low probabilities associated with nanno

plankton lilterfeeding zooplankton correlation probably result from the imposition of the her-
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Fi&ure 65.3. Cycle by cycle changes in zooplankton proportional biomass for Grenadier and Cat ! 
ponds. Y axis is biomass proportion. X allis: Ie Rotifers, 2-Daphnia spp., 3=Ceriodaphnia 
4=Bosminids, 5=Diapnanosoma sp., 6= Diacyciops sp., 7=Diaplomus sp. 
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Table 6.5.4.: Correlation Coefficients For Plankton 
Relationships for n= II cycles 

Correlation Grenadier Catfish 
total phosphorus • vs. 0.51 0.69 
nannoplankton 
total phosphorus • vs. 0.33 0.68 
total phytoplankton 
inorganic nitrogen • vs. 0.51 0.69 
nannoplankton 
inorganic nitrogen •• vs. 0.30 0.76 
total phytoplankton 
nannoplankton 
vs. -0.46 -0.42 
filterfceding zooplankton 
filterfceding zooplankton 
vs. 0.18 0.29 
carnivorous zooplankton (-!Ll 
lilterfeeding zooplankton 
vs. 0.22 -0.25 
carnivorous zooplankton (ug!Ll 
carnivorous zooplankton! • lilterfecding zooplankton vs. 0.51 0.69 
nannoplankton 

• p < 0.05 
•• p < 0.01 

Page ~8 

bivorc carnivore interaction on the original relationship. When the residuals from the 

nannoplankton-herbivorous zooplankton are regressed against carnivorou~ zooplankton, the 

correlation is signilicant (p<.05) and suggests that the variability in the herbivorous zooplank-

ton population not accounted for b~ the nannoplankton can be attributed to the carnivorous 

zooplankton population. Therefore we suggest that the major density regulation mechanism in 

Grenadier, is feeding prcssure of herbivores on nannoplankton. This pressure effectively 

I 

I 
I 

holds phytoplankton populations bclo"" the theoretical level set by the nutrient resources I 
availablc to them (lower yields of phytoplankton per unit phosphorus). 

The Question remains as to why the nannoplankton community in Catfish appears to be 

underexploitcd. Cladoceran zooplankton in Catfish show lower fecundity than those of 

Grenadier (Section 6.4. I.) and appear incapable of generating a population sufficiently large to 
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influence nannoplankton population densities. Reduced fecundity is generally associated with 

quality or quantity. There is an abundance of food quantity. However. there ~s a reasonable 

body of circumstantial evidence to suggest that food quality may be impaired in Catfish due 

to: a.) higher concentrations of bacterial/ organic aggregate (Section 5.9.) b) higher respiratory 

costS in the lower light environment and hence reduced net productivity (Section 6.1.) c) 

lower protein versus carbohydrate content of algae (Section 5.8.1.) d) higher % blue-green 

algae. All of these have been shown to influence survivorship and growth rates of Cladocera 

(Arnold 1971. Gliwicz 1980. Infante 1973. Schindler 1968). 

Alternatively it is possible that nannoplankton are not exploited in Catfish due to differences 

in the impact of either vertebrate or invertebrate predators on the zooplankton community. 

We do not have sufficient data to adequately test these hypotheses. but circumstantial evi

dence supports the former contention of reduced nutritional quality of plankton over preda

tion. 

Planktivorous fish occur in both ponds. For nannoplankton to be "underexploited" due to ver

tebr:ue predation pressure on zoopbnkton. vertebrate pressure would have to be propor

tionarily more intense in Catfish. There is no evidence to support that contention. For the 

most part planktivorous fish are visual predators. Light levels are lower in Catfish than 

Grenadier with the lowest 0.5 m of the mixolimnion sufficiently well oxygenated yet suffi

ciently dark to serve as a pred3tion refuge for zooplankton. In addition. relative zooplankton 

body size. 3n accepted indicator of the presence labsence of visual predation. is larger in Catf

ish, a situation which argues 3~pinst a \ cr~ signific:ln[ rolc for vertebrate predation in struc

turing plankton community relatIOnships. 

The larger body size of zooplJnkton in Catfish could be used as evidence of the importance of 

invertebrate predation in Catfish. A dark mixolimnion does not constitute a prey refuge from 

such hydromechanic31 pred3tors as Chao!>''''L' spp. However the anaerobic monimolimnion 

would limit access to the substrate for Chaanan« and we have no evidence that it or any other 

important large invertcbrJtc pred3tor occurs in Catfish. 
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Although circumstantial, we believe some aspect of nutritional quality and availability of algae 

better explains the apparent under-utilization of the nannoplankton in Catfish: The presence I 
of large or unpalatable algae has been shown to decrease the filtering rates of zooplankton 

independent of nannoplankton concentration. 
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APPENDIX I 

Grenadier Pond: Physicochemistry 

Cycle by cycle data, 1983 

CONDUCTIVITY (umhos/ em) 

Grenadier station A 

Depth 
m 

0.0 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
5.5 

Cycle 
2 3 4 5 6 7 8 9 10 11 

1500 1550 1500 1500 NA 1500 1600 1600 1600 1600 1450 
1600 1500 1500 1500 NA 1500 1550 1550 1600 1600 1450 
1600 1500 1500 1550 NA 1500 1550 1550 1600 1600 1450 
1600 1500 1500 1550 NA 1500 1550 1550 160(1 InOO 1500 
1600 1550 1500 1550 NA 1500 1550 1550 16011 11>00 1500 
1600 1550 1500 1550 NA 1500 1550 1550 160u ",00 1450 
1600 1600 1500 1450 NA 1500 1550 1550 1600 1000 1500 
1600 1600 1500 1500 NA 1500 1550 1550 1600 1600 1500 
1600 1600 1500 1500 NA 1500 1500 1550 1600 1600 1500 
1700 1650 1550 1500 NA 1600 1600 1550 1600 1600 1500 
NA 1750 1600 1500 NA 1600 1700 1650 1800 1700 1500 
NA NA 1600 NA NA NA 1850 1700 NA NA NA 

Grenadier station B • 
Depth Cycle 

m 2 3 4 5 6 7 8 9 10 11 

0.0 NA 1550 1500 1450 NA 1600 1600 1600 1600 1600 1500 
0.5 NA 1550 1500 1500 NA 1600 1600 1600 1600 1600 1500 
1.0 NA 1550 1500 1600 NA 1650 1600 150 600 1600 1550 
1.5 NA 1550 1550 NA NA 1700 1800 NA 1700 1600 1600 
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DISSOLVED OXYGEN (mg/I) 

Grenadier station A 

Depth Cycle 
m 2 3 4 5 6 7 8 9 10 II 

0.0 NA 14.40 11.2 9.25 NA 10.80 11.6 11.10 10.9 10.4 12.5 
0.5 NA 13.60 11.6 9.40 NA 10.60 11.5 10.90 10.5 10.4 12.6 
1.0 9.10 13.60 11.0 9.40 NA 10.60 11.4 11.00 9.4 10.2 12.4 
1.5 8.55 13.40 11.4 9.50 NA 10.20 10.5 10.90 8.8 10.2 12.2 
2.0 8.10 12.80 11.6 9.60 NA 6.00 9.1 6.50 7.8 10.0 11.6 
2.5 7.55 11.90 11.3 11.00 NA 4.75 7.5 5.20 7.1 9.6 10.0 
3.0 6.60 6.85 10.2 9.40 NA 2.10 4.3 0.90 6.6 9.6 1.7 
3.5 6.30 4.00 8.6 8.20 NA 0.20 3.6 0.10 6.0 0.4 0.1 
4.0 5.55 1.70 6.6 6.90 NA 0.0 0.9 0.05 5.6 0.1 0.0 
4.5 4.10 0.40 1.5 7.20 NA 0.0 0.1 0.05 0.1 0.1 0.0 
5.0 3.50 0.40 0.7 3.10 NA 0.0 0.1 0.0 0.0 0.1 0.0 
5.5 2.50 NA 0.4 NA NA NA 0.1 0.0 NA NA NA 

Grenadier station B 

Depth Cycle 
m 2 3 4 5 6 7 8 9 10 II 

0.0 NA 13.2 12.7 9.6 NA 13.8 13.0 12.4 10.4 11.6 13.5 
0.5 NA 13.2 12.2 8.8 NA 13.7 12.8 12.0 10.4 8.2 12.6 
1.0 NA 13.1 12.4 10.0 NA 13.0 12.6 8.6 10.8 5.4 10.2 
1.5 NA 13.0 12.2 11.4 NA 9.8 4.1 8.1 9.8 4.1 8.1 
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LIGHT (microeinsteins) 

Grenadier station A 

Depth Cycle 
I 2 3 4 5 6 7 8 9 

0.0 600 690 1100 17002250 1100 2100 1900 
0.5 350 500 720 1400 1450 500 1100 920 
1.0 200 300 540 1050 1050 280 500 410 
1.5 100 200 380 900 620 160 300 165 
2.0 61 120 270 650 430 94 155 90 
2.5 38 75 190 450 280 54 63 52 
3.0 23.5 75 140 360 155 33 27 26 
3.5 15 35 90 250 115 19.5 19 14 
4.0 10.5 25 75 175 NA 12 10 3 
4.5 5 17 53 115 NA 5 2 0.6 
5.0 5 11.5 35 88 NA 2.1 0.2 NA 
5.5 NA NA 24 NA NA NA 0 0 

Grenadier station B 

Depth Cycle 
m 2 3 4 5 6 7 8 9 10 11 

0.0 
0.5 
1.0 
1.5 

NA 47 135 215 160 75 210 190 230 225 220 
NA 26 100 125 87.5 15 100 75 150 80 150 
NA 95 43 49 34.5 8 50 35 86 34 91 
NA 53 27 49 25.5 NA 32 NA 30 20 NA 
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10 II 
2200 2200 
1600 1100 
910 560 
360 310 
195 150 
105 100 
47 68 
26 36 
14 12 
4 1.5 
0.3 0.1 

NA NA 
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2300 
1700 
1175 
700 
410 
235 
145 
75 
42 

9.1 
0.8 

NA 

I 

I 

I 
I 

I 
I 

I 

I 
I 

I 



I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Page 89 

OX IDA TION - REDUCTION POTENTIAL (millivolts) 

Grenadier station A 

Depth Cycle 
m 1 2 3 4 5 6 7 8 9 10 I I 

0.0 230 260 230 215 NA 110 360 190 200 120 300 
0.5 238 270 240 215 NA 120 360 190 210 120 300 
1.0 240 270 245 215 NA 125 360 190 210 120 320 
15 245 270 250 220 NA 130 380 190 210 120 320 
2.0 250 280 250 220 NA 140 390 205 220 120 340 
2.5 250 285 255 220 NA 145 400 210 220 130 350 
3.0 255 295 260 220 NA 145 420 210 220 130 380 
3.5 265 295 270 225 NA 140 420 30 220 -50 350 
4.0 150 180 275 225 NA -45 ISO -100 220 -160 -280 
4.5 -30 -100 280 60 NA -70 -280 -165 -180 -210 -420 
5.0 NA -185 270 -35 NA -ISO -400 -195 -230 -260 -500 
5.5 NA NA 160 NA NA NA -480 -210 NA NA NA 

Grenadier station B 

Depth Cycle 
m 2 3 4 5 6 7 8 9 10 II 

0.0 NA 210 160 180 350 140 120 NA 190 100 140 
0.5 NA 210 160 190350 145 140 NA 190 110 ISO 
1.0 NA 215 140 110380 150 150 NA 190 120 180 
1.5 NA 220 170 NA 370 160 180 NA 200 110 110 
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Depth Cycle 
m I 2 3 4 5 6 7 8 9 10 11 

0.0 NA 81 810 7.95 6.40 9.05 9.0 8.6 8.3 8.3 82 
0.5 NA 81 800 7.95 6.35 9.00 9.0 8.3 8.3 8.081 
1.0 NA 81 805 7.80 6.25 8.75 8.9 7.8 8.3 7.9 76 
1.5 NA 81 785 NA 6.30 8.45 8.3 NA 7.7 7.R 7~ 

I 
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TEMPERATURE (0 C) 

Grenadier station A 

Depth Cycle 
m I 2 3 4 5 6 7 8 9 10 II 

0.0 15.8 18.0 22.5 25.0 NA 26.5 23.5 28.0 26.0 25.5 27.5 
0.5 15.5 18.0 22.5 24.5 NA 26.5 23.5 27.8 25.5 25.5 27.5 
1.0 15.5 18.0 22.0 24.0 NA 26.5 23.5 27.8 24.5 25.5 27.5 
1.5 15.4 17.8 21.3 23.0 NA 26.5 23.0 27.5 24.0 25.5 27.0 
2.0 15.0 17.5 21.0 23.0 NA 26.0 23.0 26.5 24.0 25.5 26.5 
2.5 14.9 16.5 20.0 21.0 N A 25.5 22.5 26.0 24.0 25.5 26.0 
3.0 14.5 15.5 18.5 18.5 N A 24.5 22.5 2S.0 24.0 25.5 25.0 
3.5 14.2 15.0 17.5 16.5 N A 22.5 22.0 23.0 23.5 24.0 24.0 
4.0 13.9 14.S 17.0 16.3 NA 21.0 22.0 21.5 23.5 23.0 22.0 
4.5 13.7 13.6 16.0 15.5 N A 18.0 20.0 20.0 21.5 22.0 20.5 
5.0 NA 13.5 IS.O 14.5 NA 16.5 16.5 16.0 17.0 18.0 20.0 
5.5 NA NA 14.5 NA NA NA 15.0 16.0 NA NA NA 

Grenadier station B 

Depth 
m 

0.0 NA 
0.5 NA 
1.0 NA 
1.5 NA 

DRAFT 

Cycle 
2 3 4 5 6 7 8 9 10 II 

17.75 23.00 24.8 25 27.75 ~5.0 28.5 26.5 26.0 28.0 
17.50 22.50 24.6 25 27.75 ~4.5 28.5 26.5 25.5 27.S 
17.50 22.75 24.0 24 27.75 23.0 26.0 26.0 24.5 27.0 
17.50 22.25 NA 23 27.00 NA NA 23.5 24.5 26.5 
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APPENDIX 2 

Catfish Pond: Physicochemistry 

Cycle by cycle data. 1983 
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LIGHT (microeinsteins) 

Depth Cycle 
m I 2 3 4 5 6 7 8 9 10 

0.0 2100 410 1700 1850 1500 650 2300 625 2000 2350 
0.5 800 195 650 600 90 170 230 100 220 290 
1.0 260 83 430 130 II 64 30 15 50 50 
1.5 70 31 250 40 I 7 3 2 7 7.5 
2.0 15 9.5 120 17 0.5 0.9 0.2 0.1 0.3 0.4 
2.5 14 7 18 2.8 0.1 0.1 0 0 0 0 
3.0 0 0 0 0 0 0 0 0 0 0 
3.5 0 0 0 0 0 0 0 0 NA 0 
4.0 NA NA 0 0 0 0 0 0 NA 0 

OXIDATION - REDUCTION POTENTIAL (millivolts) 

Depth Cycle 
m 1 2 3 4 5 6 7 8 9 10 II 

0.0 230 450 500 280 NA 290 275 290 230 320 195 
0.5 235 450 520 285 NA 310 280 300 235 320 205 
1.0 239 470 520 290 NA 325 290 305 250 320 220 
1.5 250 500 550 295 NA 63 300 315 255 325 230 
2.0 260 -160 600 310 NA -90 295 -80 -180 -185 -80 
2.5 -70 -420 450 145 NA -150 -130 -140 ·200 ·210 ·180 
3.0 ·180 -4S0 ·30 ·170 NA ·ISO ·170 · 175 ·210 ·225 ·210 
3.5 ·220 -520 ·380 ·210 NA ·215 ·190 ·200 NA ·235 ·220 
4.0 NA NA ·380 ·215 NA ·220 ·195 ·205 NA ·240 ·220 
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pH 

Depth Cycle 
m 2 3 4 5 6 7 8 9 10 II 

0.0 845 83 8.1 8.50 NA 8.90 8.60 8.70 8.35 8.80 865 
0.5 845 85 8.0 8.40 NA 8.40 8.70 8.40 8.50 8.70 865 
1.0 840 81 8.0 8.30 NA 8.30 8.50 8.10 8.10 8.70 835 
1.5 810 77 7.9 8.10 NA 8.13 8.35 7.80 7.65 8.60 780 
2.0 769 74 7.6 7.75 NA 8.10 8.20 7.70 7.20 7.50 750 
2.5 710 69 7.2 7.50 NA 7.90 7.75 7.30 7.00 7.25 720 
3.0 670 69 6.8 7.25 NA 7.65 7.55 7.15 7.10 7.10 710 
3.5 670 69 6.8 7.30 NA 7.70 7.60 7.20 NA 7.15 710 
4.0 NA NA 68 725 NA 7.70 7.65 7.20 NA 7.20 710 

TEMPERATURE (" C) 

Depth Cycle 
m I 2 3 4 5 6 7 8 9 10 II 

0.0 15.20 17.5 24.0 24.0 NA 27.3 22.5 27.024.5 25.0 28.0 I 
0.5 15.20 17.5 23.5 23.5 NA 26.0 22.0 26.5 24.3 25.0 27.5 
1.0 15.10 17.0 22.5 23.5 NA 26.0 21.5 26.023.3 25.0 26.5 
1.5 14.50 16.0 20.5 23.0 N A 23.5 21.5 25.3 22.5 25.0 25.5 
2.0 13.80 13.0 18.0 21.5 N A 20.8 20.5 21.5 18.0 22.0 22.5 
2.5 12.00 10.0 14.5 16.5 NA 18.0 17.5 18.0 14.5 18.0 19.5 
3.0 10.00 9.0 10.5 11.0 N A 13.5 14.0 14.5 12.0 15.0 15.0 
3.5 8.75 8.0 9.0 9.0 NA 10.5 11.0 12.5 NA 12.5 12.5 
4.0 NA NA 8.5 8.5 NA 9.5 10.0 10.3 NA 10.5 11.0 

I 
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I 
APPENDIX 3 

Grenadier pond, 1976: Water Chemistry 

I from Wainio et al. 

I 
DATE DEPTH ° 2 pH ALKAL- HARD- N2 Fe Cu Si CL TEMP. 
(1 976) INITY NESS 

(m) mg/ L mg/ L mg/ L mg/ L mg/ L mg/ L mg/L mg/ L • C 

I 
3/ 6 0 24.5 

I 24.0 
2 9.6 7.8 270 300 0 0 0.2 22.5 
3 2.2 22.5 

I 4 22.0 
5 0 7.1 390 300 0.3 0.2 0.1 15.0 
6 13.0 

9/ 6 0 24.0 
1 23.5 
2 9.2 8.0 0.3 22.5 

I 
3 2 1.5 
4 1.4 7.4 16.5 
5 0 7.4 14.5 
6 13.5 

I 15/ 6 0 24.0 
1 12.2 8.2 300 300 0.3 0.1 0.3 24.0 
2 23.0 

I 3 2.8 7.4 340 290 0.2 0.1 0.3 22.0 
4 19.5 
5 0 7.4 410 320 0.5 0.2 0.2 14.5 

I 
6 13.5 

29/ 6 0 25.0 
1 24.5 

I 
2 10.~ 8.5 340 290 0.1 0.2 0.3 3.0 24.0 
3 23.5 
4 21.0 
5 7.2 15.5 
6 7.2 13.0 

5/7 0 24.0 
1 10.6 23.0 
2 I.~ 7.2 200 300 0.2 0.1 0.2 2.3 22.3 
3 2 1.5 
4 21.0 
5 0 16.0 
6 13.5 

I 

I 
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WAINIO WATER CHEMISTRY DATA FOR GRENADIER POND 1976 

DATE DEPTH O2 pH ALKAL- HARD N2 Fe Cu Si Cr. 
(1976) INITY NESS 

(m) mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

1317 0 
I 
2 6.0 7.3 170 300 0.3 0 0.2 4.0 
3 
4 
5 4.0 7.6 
6 

1917 0 
I 
2 7.4 8.2 
3 
4 
5 2.8 7.2 160 0.2 0 0.2 1.9 

2517 0 
I 
2 4.6 8.6 
3 
4 
5 2.8 7.1 170 0 0 0.2 2.5 
6 

2/8 0 
I 
2 7.8 8.6 
3 
4 
5 5.0 7.0 160 0.1 0.1 4.0 
6 

I 1/8 0 
I 
2 8.4 
3 
4 
5 1.0 7.1 160 0.1 0.1 2.2 350 
6 
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TEMPERATURE I 
- C 

22.0 
21.5 
21.5 
21.5 
21.5 
21.2 
14.0 
23.0 
23.0 
22.7 
22.0 
21.7 
21.5 
23.0 
22.6 
22.5 
22.4 
22.1 
22.0 
20.0 
23.0 
22.5 
22.2 
22.0 
21.9 
21.8 
21.1 
22.6 
22.5 
22.4 
22.0 
21.8 
21.5 
21.0 
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RIGLER WATER TEMPERATURE DATA (' C.), GRENADIER POND 1966 

DATE DEPTH (meters) 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 5.0 

16 April 10.0 9.7 9.7 9.2 9.2 8.7 8.3 8.2 8.1 7.3 
22 April 12.0 NA 11.8 NA 11.8 NA 11.2 NA 11.1 9.7 
2 May 10.6 NA 10.5 NA 10.0 NA 9.9 NA9.8 9.4 
20 May 15.5 NA 15.0 NA 14.5 NA 12.7 NA 10.9 9.7 
5 June 21.4 NA 21.1 NA 18.5 NA 16.4 NA 14.8 NA 
13 June 21.1 21.1 21.1 21.1 21.1 20.9 19.2 18.8 NA 
20 June 24.2 23.8 23.2 23.2 23.1 21.9 21.0 19.3 NA NA 
28 June 28.1 27.9 28.0 27.8 27.8 24.7 22.4 NA NA NA 
4 July 29.8 30.3 29.3 29.3 28.9 27.0 24.7 19.8 NA NA 
II July 25.9 25.8 25.8 25.8 25.8 25.8 24.7 NA 17.5 15.1 
19 July 25.7 25.7 25.7 25.7 25.625.5 25.4 NA 19.6 14.1 
25 July 26.2 26.2 26.3 24.9 24.4 24.0 23.0 NA 19.5 NA 
2 August 23.9 23.8 23.9 23.8 23.9 23.8 23.9 NA 20.8 14.6 
15 August 23.9 23.6 23.1 23.1 23.0 22.8 22.7 22.6 21.8 16.0 
7 September 21.4 21.4 :! 1.4 21.3 21.6 21.4 21.4 N A 20.6 18. I 
14 September 18.5 18.5 18.3 18.2 18.0 17.3 17.0 NA 16.9 17.0 
I 9 October I 1.1 I 1.1 I 1.1 I 1.1 I 1.1 11.1 I 1.1 11.1 11.1 11.1 
3 November 8.2 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 

RIGLER WATER OXYGEN CO"CE~TRATIONS (mg/L), GRENADIER POND, 1966 

1966 DEPTH (melers) 
DATE 0.0 1.0 :!.o 2.5 3.0 4.0 5.0 
28 June 10.99 10.70 6.75 NA 3.64 NA NA 
4 July 8.95 8.95 7.:!0 2.33 1.21 NA NA 
II July 7.46 7.3: 7.:!4 NA 6.48 0.00 NA 
19 July 8.17 8.11 7.96 NA 6.62 1.29 0.00 
25 July 10.1: 10.:7 6.36 NA 1.99 1.11 NA 
8 August 7.95 7.73 7.74 NA 7.45 3.08 0.00 
15 August 9.3: i'o:A 8.58 NA 7.33 4.68 0.00 
7 September 6.89 6.84 6.8: NA 7.25 0.00 0.00 
14 September 8.68 9.61 9.8: NA 5.62 1.38 0.00 

DRAFT July 28, 1986 



APPENDIX 4 

1982 WATER QUALITY MONITORING PROGRAM 

GRENADIER POND AND TRIBUTARIES 

STATION GEOMETRIC MEAN (1) FCj FS 
LOCATION FC(2) FS(3) RATIO 
Clendenan A ve. and Bloor SL W 6546 2021 3.2 
(Storm Sewer Outfall) 
Open Creek opposite Valleymede Rd. 731 936 0.8 
Inlet at north end of Dacre Cres. 86 476 0.2 
Valleymede Rd. and Ellis Park Rd. 713 804 0.9 
(Storm Sewer Outfall) 
N.E. Corner of Rennie Park 507 1134 0.4 
(Storm Sewer Outfall) 
Coe Hill Dr. 129 219 0.6 
(Storm Sewer Outfall) 
Catfish pond Outlet 187 491 0.4 
(S.£. corner) 
Ellis Ave. 2093 3387 0.6 
(Storm Sewer Outfall) 
Outfall from Catfish 217 619 0.4 
into Grenadier 
Grenadier Pond Outlet 185 92 2.0 
(S.W. corner) 
L. Ontario at 235 381 0.6 
Outfall W-12 

(1) pcr 100 mL 
(2) Fecal Coliform 
(3) Fecal Streptococcus 
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APPENDIX 5 

Grenadier aod Catfish Poods: 
Primary Productivity Calculations 

Net areal productivity rates were calculated by mUltiplying the net photosynthetic values (1) 

derived from the light-dark bottles. by the frustral volume (2) at the depth of incubation for 

each set of light-dark bottles to determine the mass (3) of oxygen which was then divided by 

the surface area to give the rate (4) of productivity. 

GRENADIER A: 

Depth of 
Light-Dark 
Bottles 

(m) 

Surface 

Secchi 
Depth 
1.64 
1.73 
1.99 
2.32 

(1) (2) 

Net Frustral 
Photosynthesis Volume 

O -3 mg. 2.m .hr 

X 292.5 

200 
220 
250 
450 

1.39E5 
1.39E5 
1.39E5 
!.lOE5 

Mass 

2.78E7 
3.06E7 
3.47E7 
!.l2E8 

x 5.13E7°b 

(3) 
Total 
Mass 

Surface 
Area 

1.02E8 1.89E5 

(4): Net Areal Productivity for Grenadier A: 5.37E2 mg.02.m-2.hr. 

DRAFT ," July 28. 1986 



GRENADIER B: 

(I) (2) (3) I 
Depth of Net Frustral Mass Total Surface 
Light-Dark Photosynthesis Volume Mass Area 
Bottles 

mg.02.m -3.hr (m3) • (m2) (m) mg.02·hr (a+b) 

Surface 300 I.72E5 5.14E7·a 1.05E8 1.89E5 

Secchi 
Depth 
2.04 80 1.39E5 I 1.66 200 1.39E5 
1.64 630 1.39E5 
1.73 620 1.39E5 

i. 382.5 1.39E5 5.32E7·b 

(4): Net Areal Productivity for Grenadier B: S.56E2 mK.02.m-2.hr. I 
CATFISH: 

(\) (2) (3) 
Depth of Net Frustral Mass Total Surface 
Light-Dark Photosynthesis Volume Mass Area 
Bottles 

-3 (m3) • (m2) (m) mg.02.m .hr mg.0 2·hr (a+b) 

Surface i. 235 1.63E4 3.82E6·a 8.25E6 2.04E4 

Sccchi 
Depth 
0.9 390 1.63E4 6.35E6 
1.8 250 1.00E4 2.51E6 

it 4.43E6·b 

(-I): Net Areal Productivity for Catfish: 4.0-lE2 mg.02.m -2.hr. 
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APPENDIX 6 

Grenadier Pond 1983: 
Areal Hypolimnetic Oxygen Deficits (AHOD) Calculations 

Calculations for Cycle I - 2: 

Hypolimnetic Cycle I Cycle 2 F rustral Mass ° Total 
Depth [°21 [q1 [q11_2 Volume At Depfu Hypolimnetic 

02 Mass 
1- 2= 3x 4= 5 I:5 

(m) (mg) (mg) (mg) (m-3) -3 
(mg.02·m ) 

-3 (mg.02·m ) 

3.5 4.1 4.0 0.1 3.68E4 3.68E3 1.79E5 
4.0 3.5 1.7 1.8 7.36E4 1.32E5 
4.5 2.5 0.4 2.1 2.04E4 4.28E4 

Thc Total Hypolimnetic 02 Mass (I:5) was then.;. by the Hypolimnetic Area (8.85E4 cm2) 
and the number of days between cycle I and cycle 2 (6) to give the AHOD -

0.336 mg.0
2
.cm-2.day-1 

Calculations for Cycle 9 - 10: 

Hypolimnctic Cycle I Cycle ~ Frustral Mass 0fu Total 
Dcpth [°21 [q1 [q11.~ Volume At Dept Hypolimnetic 

02 Mass 
1- 2= 3x 4= 5 I:5 

(m) (mg) (mg) (mg) (m-3) -3 (mg.02·m ) ° -3 (mg. 2.m ) 

3.5 6.0 0.4 5.6 3.68E4 2.06E5 6.13E5 
4.0 5.6 0.1 5.5 7.36E4 4.05E5 
4.5 O.~ 0.1 0.1 2.D~E4 2.D4E3 

The Total Hypolimnctic O~ Mass (E5) was then.;. by the Hypolimnelic Area (8.85E4 cm2) 
and the number of days betv.-een cycle 9 and cycle 10 (8) to give the AHOD -

° 
-2 -I 0.866 mg. 2.cm .day 

Mcan Areal Hypolimnetic Oxygcn Deficit for the entire sampling period: 0.601 mg.02.cm
, -I 
-.da} . 
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Calculations of AHOD using Charlton's (1980) model for Grenadier. 

(I) AHOD = 3.8 UChla) (tB /50+ !B ) ( 21t Ta -.)f 101 ) 

where: ZB = mean hypolimnion depth. 3m 

T B = mean hypolimnetic temperature = 21.3' C. 

IChia = 1.15 (Chla )1~ 
9 + 1.15 (Chla )1033 

The AHOD calculated for Grenadier pond from this model was: 

O 0 -2 d -1 0.6 3 me. 2.cm . ay 
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TAXA 

Bosminids 
Daphnids 
Cyclopoids 
Diaptomids 
Rotirers 
Nauplii 
Ceri?daphnia sp. 
DiaJlhanosoma sp. 

TAXA 

Bosminids 
Daphnids 
Cyclopoids 
Diaptomids 
Rotirers 
Nauplii 
Ceriodaphflia sp. 
Diaphanosoma sp. 
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APPENDIX 7 

1983 ZOOPLANKTON DATA 

GRENADIER POND 

SAMPLING DA TE (day/month) 
31/6 6/6 13/620/628/6 4/7 11/7 18/725/ 7 2/8 8/ 8 

5.0 7.3 42.6 21.7 17.7 89.4 27.5 60.6 1.2 1.5 7.0 
105.1 48.6 40.8 22.7 62.6 91.7 30.3 19.4 3.2 13.6 11.5 

18.2 7.7 16.9 14.2 12.6 62.9 63.5 57.0 16.6 14.6 10.9 
0.0 0.8 0.4 1.5 4.0 12.9 1.2 3.6 0.4 9.6 3.3 
0.0 0.4 25.0 1.0 11.1 2.3 0.0 0.0 0.8 5.0 0.6 
0.0 0.0 0.7 0.5 2.0 0.0 0.0 2.4 0.4 0.5 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

CATFISH POND 

SAMPLING DATE (day/month) 
31/6 6/6 13/6 20/6 28 /6 417 11/7 18/725/72/88/8 

1.7 1.7 2.4 6.8 32.3 31.8 17.7 4.9 4.2 7.1 5.9 
20.7 49.1 147.9 17.8 58.6 61.6 31.3 18.2 11.4 1.0 0.7 

4.6 12.1 0.8 3.6 19.2 4.6 13.1 4.9 2.7 3.3 l.l 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.2 
0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 10.2 0.8 2.2 
1.0 0.6 0.0 0.0 1.0 1.0 0.0 0.0 0.0 0.1 0.2 
0.0 0.0 0.0 0.0 0.5 8.1 6.1 2.6 0.8 0.0 0.0 
0.0 0.0 0.0 0.0 2.5 2.0 0.0 0.0 0.0 0.0 0.0 

J ul)' 28. 1986 
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APPENDIX 8 

Greoadier and Catfish Ponds: 

Cycle by cycle nutrient data, 1983 

SITE Cycle Mg Na K SO Si Fe Mn 
mg/L mg/L mg/L mg/l mg/L mg/ L mg/ L 

GRENADIER A I 21.5 178 3.50 72.35 1.11 0.130 0.043 
2 • • • • 1.26 • • 
3 21.6 190 3.66 70.00 1.34 0.195 0.051 
4 • • • • 0.02<W • • 
5 23.1 • 3.70 5.01 3.22 0.210 0.099 
6 • • • • 3.56 • • 
7 22.3 168 3.70 72.15 4.44 0.100 0.145 
8 • • • • 4.16 • • 
9 23.0 173 3.66 74.00 3.95 0.055 0.1 39 
10 23.9 177 3.60 70.80 3.86 0.065 0.124 
II 23.6 173 3.94 70.29 3.81 0.030d 0.134 

GRENADIER B I 20.6 174 3.38 71.85 1.31 0.150 0.062 
2 • • • • 1.29 • • 
3 23.2 181 3.76 74.94 1.13 0.280 0.090 
4 • • • • 2.30 • • 
5 21.0 175 3.56 70.15 3.62 0.195 0.067 
6 • • • • 3.38 • 
7 22.4 179 3.60 74.10 3.68 0.130 0.073 
8 • • • • 3.45 • • 
9 23.7 113 3.60 76.80 3.55 0.135 0.106 
10 24.7 In 3.64 75.10 3.00 0.190 0.056 
II ~3.9 181 3.68 72.59 3.31 0.915 0.007 

CATfiSH I :7.3 ::!I5 14.00 50.53 0.74 0.285 0.109 
MIXOLIMNION 2 • • • • 0.85 • • 

3 27.0 243 15.60 55.00 1.02 0.170 0.090 
4 • • • • 1.62 • • I 5 28.8 ~33 16.20 49.25 2.09 0.640 0.212 
6 • • • • 2.35 • • 
7 30.8 225 17.20 48.21 2.66 0.475 0.155 

I 8 • • • • 3.00 • • 
9 31.4 244 19.10 50.7 1 3.32 0.330 0.1 90 
10 33.0 24~ 19.50 50.98 3.22 0.310 0.085 
I I 33.0 245 20.70 51.42 3.35 0.460 0.124 

CATfiSH 7 35.8 1960 24.90 30.49 6.80 1.400 2.675 
MONOI\IOLIMNION 
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POND Cycle TOTAL F.R. KJELDAHL NH4 TOTAL F.R. F.R. DOC 
SITE P P N NO NO NO 

mg/ L mg/ L mg/ L rng/ L mg/ f. mg;t 'mg/ f. mg/ L 

(I) I 0.081 0.009 0.58 0.028 0.0 I <T 0.005 0.005<T 2.9 
2 0.066 0.032 0.92 0.338 0.01<T 0.0085 0.002<T • 
3 0.037 0.018 0.34 0.278 O.OI<T 0.005 0.005<T 3.6 
4 • 0.030 • 0.100 0.40VIN 0.470 • • 
5 0.087 0.036 0.71 0.218 0.03VIN 0.038UIN • 2.9 
6 0.113 0.058 0.95 0.570 0.Q3 0.008 0.017 • 
7 0.092 0.060 0.85 0.296 0.015<T 0.012 0.003<T 3.0 
8 0.138 0.083 1.19 0.450 O.IIUIN 0.146UIN • • 
9 0.111 0.057 1.15 0.260 0.40UIN 0.475UIN • 3.0 
10 0.091 0.033 0.92 0.350 0.03 0.021 0.005<T 2.7 
I I 0.047 0.008 0.72 0.196 0.01<T 0.008 0.005<T 3.1 

(2) I 0.078 0.008 0.57 0.204 0.04 0.011 0.029 2.9 
2 0.066 0.031 0.90 0.320 O.OI<T 0.005 0.005<T • 
3 0.089 0.024 0.82 0.276 0.04 0.018 0.018 3.2 
4 0.103 0.054 0.93 0.440 0.07 0.037 0.028 • 
5 0.163 0.096 1.59 0.680 0.08 0.015 0.065 3.4 

[ 6 0.124 0.066 1.23 0.500 0.005<T 0.004 0.002<T • 
7 0.070 0.025 0.77 0.162 0.005<T 0.002 0.003<T 2.8 
8 0.064 0.011 0.75 0.126 0.02 0.006 0.009<T • 

[ 
9 0.072 0.020 0.81 0.212 0.005<T 0.002 0.005<T 3.0 
10 0.063 0.020 0.80 0.264 0.04 0.008 0.028 2.9 
11 0.066 0.018 1.00 0.352 O.OI<T 0.003 0.007<T 3.2 

(3) I 0.104 0.007 0.88 0.368 0.25 0.043 0.207 4.2 

( 2 0.058 0.0:2 1.00 0.:36 0.25 0.181 0.064 • 
3 0.023 0.0005<W 0.38 0.190 0.22 0.034 0.186 4.9 
4 0.131 0.001<T 1.:7 0.268 0.23 0.223 0.002<T • 

J 5 0.200 0.022 1.75 0.510 0.74 0.705 0.030 5.1 
6 0.210 0.001<T :.~O 0.330 0.0 I O<T 0.007 0.004<T • 
7 0.143 0.003 1.98 0.244 0.005<T 0.003 0.003<T 5.4 
8 0.177 0.029 :!.O~ 0.550 0.22 0.0005<W 0.220 • 

I 9 0.150 0.003 1.95 0.294 0.0 I <T 0.004 0.006<T 5.7 
10 0.126 0.005 1.71 0.252 0.0 I <T 0.005 0.006<T 5.9 
11 0.061 0.003 0.54 0.212 0.02 0.015 0.006<T 7.5 

(4) 7 4.58 3.700 37.00 35.000 • 0.016 • 7.5 

LEGEND: 

«() Grenadier A 

l 
(2) Grenadier B 
(3) Catfish mixolimnion 
(4) Catfish monimolimnion 
• F.R. - filtered rcaetive 
• Indicates no analysis done for that sample date 
<T This low mcasurement is tentative. for info only 
<W · zero· value reported is minimum measurable amount 

r VI N unrcliablc:indetcrminatc inrerrerence 
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