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MANAGEMENT PERSPECTIVE 

This Atlas is a compilation of graphs constructed by the author since 1966, and 
‘ the Atlas portrays Lake Erie water quality parameters related to the eutrophication 
control problem, mostly in the period 1966 to 1986. This evidence indicates a 
gradual, decreasing response of conditions in the lake to society’s remedial 
measure of reducing‘ the external loading to Lake. Erie of the nutrient element 
phosphorus.

‘ 

The Atlas is a reference for comparisons with more recent data. The latter should 
be examined to find outif lake Erie is now (2001) too ‘oligotrophic’ and maybe. 
requiring ‘mesotrophication’ by‘careful,» active management of the phosphorus 
loading from the lake-basin’s sewage treatment plants.



SOMMAIRE A L'INTENTION DE LA DIRECTIQN 

Cet atlas est une compilation de graphiques exécutés par 1'auteur depuis 1966. 
L'atlas renfejrme des pa1_'a1nét_res de qualité de l'eau ayant trait a la lutte contre 
Peutrophisation; la plupart de ces paramétres ont été mesurés au cours de la 
période de 1966 a 1986. Ces données indiquent une diminution graduelle des 
réactions observées dans le lac face aux mesures prises pour réduire 1;; charge 
exteme en phosphore. 

L’ atlas constitue une référence permettant de comparer des données plus récentes, 
I1 faudra examiner ces derniéres pour déterrniner si le lac Erié est maintenant (en 
2001) trop « oligotrophe » ou s’il pourrait profiter d’une « mé‘sotrophis,a,tion » 
grace a une gestion active eta vigilante de la charge en phosphore provenant des 
stations de traitement des eaux usées qui se trouvent dans le bassin du lac.
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ABSTRACT 

This Atlas portrays the ‘trophic status’ of Lake Erie, mostly for the early years of 
monthly monitoring from 1966 to .1986 by ships and staff of Canada’s 
Environment and Fisheries Departments from their Burlington laboratory called 
the Canada Centre for Inland Waters. 

The structure or distribution of water‘ temperature is thoroughly displayed, 
because of its importance in relation to water quality and especially the water- 
masses of‘ well-mixed character. 

Secchi transparency was ‘quite variable and had a broad rr1iniIn.l1II.l_, that is, 

maximum turbidity, in the 1970’s decade. 

Data for chlorophyll a in the Central Basin during July and August indicated 
declining values to 1986, the last year considered. That trend is probably a 
response to reduced external loading of phosphorus from urban and agricultural 
areas, which was the goal of the 1972 Great Lakes Water Quality Agreement 
between the United States and Canada-. 

The author's diagrams of distributions of dissolved oxygen show trends in the 
vulnerable Central and Eastern hypolimnions. A recovery of dissolved oxygen by 
1984 is not revealed, 

Particulate organic carbon, particulate nitrogen, and particulate phosphorus all 

declined (up to 1984), confirming the observed changes in the chlorophyll a data. 

The measurements of‘ ‘total phosphorus’ in water samples showed no change in 
the mid-summer values up to l98_4._ The early work by Dr. Julian Williams of the 
National Water Research Institute, on apatite and related minerals in Lake Erie 
sediments, could perhaps be extended to the Water column. Mineral equilibria 
could be stabilizing the phosphorus concentrations in some fractions.
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Cet atlas présente un tableau de l’état trophique du lac Erié, surtout pendant les 
premieres années de surveillance mensuelle, de 1966 a 1986, effectuée par des 
navires et le ‘personnel d’Environnement Canada et de Péchejs et Oceans Canada, #21 

partif de leur laboratoire appelé le Centre canadien des eaux intérieures, situé 5» 

Burlington. 

La structure ou la distribution de la temperature de l’eau est fidelement présentée 
a cause de son importance en rapport avec la qualité de 1’eau et surtout avec les 
masses d’eau homogénes. ' 

La transparence mesurée au disque de Secchi était assez variable et présentait un 
large minimum, qui correspond a la turbidité maximale observée au cours des 
années 1970. 

Les données relatives a la teneur en chlorophylle a dans le bassin central durant 
- juillet et aofit indiquent une diminution constante jusqu’en 1986, la derniére année 

considérée. Cette tendance est probablement le résultat de la réduction des charges 
en phosphore exteme a partir des zones urbaines et agricoles; c’était d’ailleurs 
1’objectif des l’Accord relatif i la qualité de 1’eau dans les Grands Lacs qui a été 
conclu entre le Canada et les Etats-Unis en 1972. 

Les diagrammes de 1’auteur* concernant la distribution de l’oxygéne dissous 
montrent certaines tendances dans les hypolimnions du centre et de l’est du 
bassin. On n’a pas observé de rétablissement de1’oxygéne dissous jusqu’en 1984. 

Le‘ carbone organique particulaire, 1’azote particulaire et le phosphore particulaire 
ont tous diminué (jusqu’en 1984), ce qui confirme les changements observés dans 
les concentrations de chlorophylle a. 

Les mesurese du « phosphore total » dans les échantillons d’eau n’ont révélé aucun 
changement au cours de 1"été jusqu’en 1984. Les travaux de pionnier des Julian 
Williams dc l-”Institut national de recherche sur les eaux, qui portaient sur l’apatite 
et des minéraux apparentés dans les sediments du Lac Erié, pourraient 
probablement étre appliqués A la colonne d’eau. Les minéraux en équilibre 
pourraient peut-étre stabiliser les concentrations de phosphore dans certaines 
fractions.
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INTRODUCTION 

I constructed these diagrams over the years 1966 to 1996 while I, was 

employed at the Canada Centre for Inland‘ Waters, whose research ships have 

continued to monitor Great Lakes waters, and whose laboratories have 

diligently measured key constituents of the water samples. 

The Great Lakes data-bank ‘of the National Water Research Institute is known 

as the STAR file it continues to be a vast data set relatively untapped by 

interpreters. Here I offer the viewer my own contributions toward the Lake 
Erie data display.
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~ LAKE ERIE 
Pol)’80ns defining the offshore 
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for mean—statistics
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~ ~~ 18m depth contour ~~ ~~ ~~~ ~~ Central 
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Lake Erie: area chosen 
for data selection 
for median-statistics
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Temperatures of Lake Erie, 1 metre depth. 
May 17 to 22. 1968, CCIW vessel "Theron".
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LAKE ERIE 
SURFACE TEMPERATURES 

JUNE 7 to19, 
1929. 

pbservatioffrom ghe vessel 
Sh_earwater.'The duagram is 
redrawn using original data.
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LAKE ERIE 
SURFACE TEMPERATURES 

JULY 2 to 15, 
1929. 

Observations from the vessel 
‘Shea_rwater.'The diagram is 
redrawn using original data.
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Temperatures of Lake Erie, 1 metre depth,- 
July 29 to August -3. 1968. CCIW vessel ‘Theron’:
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LAKE ERIE 
SURFACE TEMPERATURES AUGUST 3 to 20. 

1929. 
Observations from the vessel 
‘Shearwaterf The diagram is 
redrawn using origina_l_ data.
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. LAKE ERIE 
SURFACE TEMPERATURES 

SEPTEMBER 3 to 19, - 

1929. 
Observations from the ve_ssel 
‘Shearwaterf The diagram IS 
redrawn‘ using original data.
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SEQQHI TRANSPARENCY
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values for cruises of I960-63 and I967-70.
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Total chlorophyll §. (|.tg/ in Lake Erie.» surface distribution map (samples from 1 metre depth) 
May 17 to 22, 1968, CCIW ‘vessel “Theron”.
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Total chlorophyll Q (}.lg/ L) in Lake Erie, surfage distribution map (samples from 1 metre depth) 
July 29 to August 3, 1968. C-CIW vessél “Theron?
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~ Shaded area: <'4.0mg oz/L, 
unsuitable for fish. 

Dvissolved oxygen (mg /L) in Lake Erie: the lowest value at each station having hy_polim_r_1ion 
and /or thermocline, July 30 to August 2, 1968, CCIW vessel ‘Theron’:
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~ Shaded area: <4.0 mg 02/ L. 
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Lake Erie. dissolved oxygen (mg/L) near the bottom in the Central Basin, and at simiiar 
depths ‘in the Eastern Basin, August 17 to 21,1971, ‘Martin Ka,rIAs'en".
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Particulate organic carbon, Central Lake Erie, offshore and 
upper 10m, median statistics on each cruise in summer 1977, 
Carnadian vessels Petrel and Limnos.
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upper 10m, median statistics on each cruise in summer 1978, 
Canadian vessel Limnos.
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WESTERN LAKE ERIE: UNWEIGVHTED MEAN DISSOLVED SILICATE C_QNCENTRATl_ONS AT A DEPTH OF 1 METRE, FROM CRUISES OF THE CANADA CENTRE FOR INLAND WATERS IN THE YEARS 1968 TO 1971. UNITS ARE MICROGRAMS SiO2 ‘PER l,;_lTREv.
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EVIDENCE OF CHANGE. SUMMARIZED
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EVIDENCE FOR THE EUTROPHICATION OF ERIE FROM 
PHYTOPLANKTON RECORDS 

Charles C. Davis. 

Reprinted iriirn ugyomcr mi: ocgmocau-inv 
Vol. 9, No. 3. July 1964 

pp. 275-283 
ABSTRACI _ 

The Division Avenue Filtration Plant of the Cleveland Division of Water and Heat has 
undertaken almost daily phytoplankton counts of water samples from Lake Erie since 1919. 
Data exist for 25 full years and for 7 additional p'artia'l ‘years between 1919 and 1963, 
There has been a consistent increase in the aver'age quantity of phytoplankton. The vernal 
and au.tum_nu_l phytoplankton maxima have consistently become more i_r_1.'teAnse gnd have 
lasted longer. The periods of niinimum phytopl_.1n_k_t_on_ development in winter and summer 
have become shorter and less well rn_a_r_ked,~ until the winter minimum failed to develop at 
all in some of the latelst--years. Certain marked qualitative changes also have‘ occurred. 
These effegts are thought to have been caused by an increasingly rapid eutrophication of 
the water in Lake Erie.

'
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Surnmary of of ineasured trophic ihdicators, Central Lake Erie, 
offshore and upper 10.m, July and August in three groups of years, 
based on CCIW data. (The central year of each group is identified here.) 

l<1>M E21) (3) % 
Parameter Name and Units 1970 1973 1934 221:‘ 

(2)443) 

Secchi transparer1cy‘(m) -=-5. -S. ‘ 

-7'. - 

Secchi reciprocal (1/S(m)) - 0.20 0.14 -30.% 

Total phosphorus (pg P7L_)‘ 12.6 11.5 11.6 +1.% 

Total chlorophyll a_ (ug /L) 3.3 3.5 2.8 «2o.% 

Particulate phosphorus (,ug.P/L) 6.3 5.9 
_ 

4.8 -19.% 

Particulate nitrogen (,ug N/L) no 62. 53. -15.% 
data 

Part. organiccarbon (pg C/L) no 420. 360. -14.% 
- data 

average change,. -20.% 
1978 to 1984, 
ornitting Total P:
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\ SUPPLEMENT 1: 

SUGGESTIONS_FOR_FUTURE MON1_'I‘(_)RING- 
~ ~ ~ 

. The effective volume of each water sample should be known and controlled (1 
litre) because of the presence of scattered larger particles, especially 
zooplankton. \ We .

i 

. The practice of vertically-int 
” " sampling, producing samples of 

unknown temperature and unkllown internal variability, should "be revisited, 
A better approach may be to return to ‘point’, ‘discrete’ samples. 

. Monitoring with lake-wide monthly crui_ses of a major vessel is informative, 
and should be continued every year in the ice-free months. 

. Ideally, a manned platform in the middle of the Central Basin, for sampling 
the water column every two hours throughout the ice-free seasons, would help 
to learn about variability of the water properties as influenced by winds and 
currents, especially outside the thermally—stratified summer season. A time- 
series platform would, of course, be a major commitment of engineering, 
seamanship, and long—term staffing and expense; However, the present atlas 
shows that Central Erie offshore upper waters pass through a mid-summer 
minimum of nutrients and plankton. Thus the other seasons are very 
important for biological production and sediment re’s'uspen‘sion-, with weather- 
driven fluctuations. A habitable platform designed like a small offshore oil 
drilling platform could be a way of advancing significantly our knowledge of 
Lake Erie.

‘ 

. New parameters for monitoring should include urea. particulate biogenic 
silica, and iron».
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FOR A LAKE 

bathymetry, morphometry, basic geology. 
water levels, water budget, rivers, outflow, rainwater, groundwater. 
temperatures, currents, winds-records, ice. 
salinity, conductance, major ions, 
alkalinity, pH, CO2 system. 
dissolved oxygen-, methane, H28. 
light, Secchi, turbidity, color. 
major nutrients, nutrient limitation. 
phytoplankton, chlorophyll a. 

- zooplankton. 
particulate matter, bacteria.- 
fish, fisheries. 
metals, organic contaminants, sediments, benthos. 
beach conditions, harbors, plumes, outfa1ls,‘intakes, macrophytefs. 
humans

_ 

- population, towns, cities, growth-control. 
- drinking water.

‘ 

- sewage disposal, nutrient loading control. 
- agriculture, farm animals, feedlots, sustainability. \ 
— industries-, industrial wastes, power-stations. 
- transportation, recreation, air-quality. 
special topics: colloids, polysaccharides, iron, manganese, health of lake- 

biota, human health, filtration and the word “dissolved”, sedimentation 
and resuspension, frequency of sampling, methods of analysis.
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