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vExecutiyecSumary 

A 20-year collection of temperature profiles from the western end 
of Lake Ontario is used to establish the mean and the standards 
deviation of the depths of selected temperatures preferred by coho 
salmon from May through September. This information is compared with 
data available from 1983, a year that appears to have had an unusually 
warm, calm summer. Slight differences (warmer surface temperatures, 
increase in depth of selected isotherms) exist between the 1983 data 
and the 20-year average but excursions of the 1983 data beyond one 
standard deviation of the 20-year historical data are rare. This 
research was conducted at the request of the Ontario Ministry of 
Natural Resources to assist that Ministry in their fishery nanagement 
program of salmon stock in Lake Ontario.
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Précis de lahilierction 

5. partir (Pun ensemble de profile de temperature préléves dan__s la 
partie ouest du lac Ontario pendant les derniéres 20 années, on V 

établjit les moyennes et les écartsetype des profondeurs des ' 

temperatures preférées par les saumons coho pour les périodes de mai 5 
septembre. Une analyse semblable faite avec des données obtenues en 
1983, année remarquable pour le chaleur de son été, montre que. les 

effets de _cette chaleur sont 5. peine discernables et que les 
deviations de 1983 par rapport aux moyennes de 20 ans sont presque 
tous tes da._ns l'interva._l_le -d'un éca,;rt-type. Cette étude fifr 
entreprise stxr la. démande de la. Ministére des Ressources Naturelles de 
l'O1jta,rio.
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iNTRODUCTlQN 

It is well-known that fish exhibit strong preferences for specific 

water temperature ranges, according to species and season. Coho salmon 

in particular, favour temperatures in the neighbourhood of l2°C in 

summer. This temperature is located in the seasonal thermocline, a 

region of pronounced temperature gradient between a warm upper layer 

called the epilmnion and a cool lower layer called the hypolmnion. 

Not only is the vertical extent of this temperature range limited to a 

few metres, but also the location of water of these temperatures with- 

in the water column varies considerably from place to place within the 

lake and from time to time. This variability is due to physical ef- 

fects, the controlling processes being the flux of heat across the 

water surface, the surface wind stress, and the hydrodynamics of lakes. 

Assuming that coho Salmon move vertically to maintain themselves in 

contact with water at their preferred temperature, then one can say 

that a knowledge of the physical behaviour of Lake Ontario is relevant 

to the task of finding fish. 

This report is written in response to a request from the Ontario 

Ministry of Natural Resources for help in defining the depths of water 

temperatures thought to be preferred by coho salmon in Lake Ontario 

during the summer months. Of particular interest is the extent to 

which the exceptionally warm and calm summer of l983 may have produced 

an anomalous temperature distribution in Lake Ontario. 

Thermal Structure of Lake Ontario — Spatial and Temporal Variations 
- A full discussion of the thermal properties of lakes can be found 

in standard limnological textbooks (Wetzel, I975). The most pronounced 

temporal variations in thermal structure are those of seasonal time-
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scale. During the cool season, November to May, temperature differences 

through the lake are small - one or two degrees Celsius at most. 

These differences are significant but we shall not discuss them here. 

From May to November, the surface waters are substantially warmer than 
the bottom waters, and indeed the warm surface waters float on the cool 

sub—surface waters like oil on vinegar. The wind is unable to overcome 

this extra stability and the lake remains stratified until enough heat 

is lost in the fall to reduce the surface temperature (and increase the 

surface density) making it easier to mix the lake to vertical homo- 

geneity once more. Fig. l represents an average of 20 years‘ of 

temperature profile data in the archives at the National Water Research 
Institute- ‘It is constructed by computing the average depth of selected 

temperatures based on the available data at a location near Toronto on 
the lOO m depth contour (Boyce, Robertson and lvey, l98h). The sequence 
of weekly—averaged temperature profiles obtained at any deep—water site 

in the Lake for any full year would not be greatly different from the 

picture presented here. The heating season extends from mid—March to 

mid-September. 

The thermal structure varies substantially at time—scales much 
shorter than the seasonal. Fig. 2 again represents the depths of 

selected isotherms as functions of time but here the data comes from 
an array of 2l thermistors strung out on a I00 metre cable moored at 
the above-mentioned site off Toronto in the summer of I980. Temper- 

atures are read and stored every l0 minutes. The month of September is 

shown here- The figure- also includes a representation of the wind at 
Toronto Island Airport. The depth of the l2 degree isotherm is of 
particular interest to this study. The extreme movement of this
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isothermal surface is plus or minus l0 m with respect to what might be 

termed the seasonal depth. These excursions are relatively rare. The 

wavelike motion of the isotherm at periods close to l6 hours is as- 

sociated with internal waves strongly modified by the earth's 

rotation. Associated with these regular oscillations of the thermocline 
zone are currents resulting in nearly circular motions of the water 
at the internal wave period. The internal wave motions are noticeable 
after every major wind event, 

_

V 

The interface between the warm upper layer and the cold lower 

layer is dynamically “slippery”; the two layers are able to slide 

over one another with little friction. Thus, a strong and persistent 
wind can push the warm layer downwind over top of the cool layer. At 

the upwind side of the lake, cool water is brought to the surface (up— 

welling) while at the downwind shore, the upper layer becomes thicker 
(downwelling). An example of this redistribution of water caused by a 

strong wind is shown in Fig. 3. The prevailing wind direction in 

summer is such that upwelling occurs frequently on the northwest 
lshore of the lake. During the period of calm following a storm 
event, the lake starts to return to the original state with surface and 
thermocline horizontal. 

A Spefitrum of the vertical displacement of isothermal surfaces 
shows how the vertical movements are distributed with respect to 

frequency or period (Fig. Q). This diagram shows that on the average, 
the largest variations are associated with long period events, seasonal 
processes and storms. At higher frequencies, the variations become 
rapidly weaker, with the notable exception, so clearly visible in Fig. 2

»
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of internal waves near the local inertial frequency (period §‘l7 

This diagram also shows that the vertical displacements of the Q. 

isotherm, located well below the thermocline, are larger than the 

placements of the 8° isotherm located within the main thermocli 

with the exception.of motions in the inertial frequency band. 

Common experience tells us that the weather in one year may 
differ substantially from the weather in the next. Since the the 

structure of the lake is the result of meteorological effects, wi 

and heat flux, then we should expect variations in the lake's the 

structure from year to year as well. These certainly occur; they 
nodify, but they do not disrupt the picture shown in Fig. l. Per 

the most significant changes observed from year to year are shift 
the dates at which complete stratification is obtained in the lak 

the dates when stratification disappears in the fall. Abnormally 
warm periods with light winds yield abnormally high surface tempe 
tures. 

Results 

Against this cursory treatment of the thermal variability ob 

served in Lake Ontario in the summer months, we proceed now to a 

statistical assessment of the depths of the specific temperatures 
preferred by coho salmon. The data for this evaluation have been 
collected over the past 20 years during the many scientific cruis 
carried out on the lake. The observations are in the form of tem 
ture profiles made from the surface to the bottom with a recordin 
instrument. The date, geographical co—ordinates, total water dep 
and a string of temperature—depth pairs representative of the tem 
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ture profile are stored in a computer-accessible form in the NWRI 

archives. We have defined 7 different sub-populations of the total 

set of all existing profiles spanning the years l962 to i982, one 

for each month of the year from May through November. 

The variability within each of these sub—populations will be 

due to the processes outlined above, interannual variations, seasonal 

heating and cooling, responses to major wind events (upwellings and 

downwellings), and internal waves. Within each of these groups is 

an additional factor - that of geographical position in the lake. 

Because of the prevailing summer winds, for example, the surface 

water is cooler on the northwest shore of the lake and warmer on the 

southeast and there is a persistent dip of the thermocline from 

northwest to southeast. We have therefore, further subdivided each of 

the monthly sub-populations into l8 geographical zones, as depicted 

3" Fi9- 5. The zones are defined somewhat arbitrarily by 
a combination of meridians of longitude and the depth contours O, 50 

and lOO metres - the latter reflecting the observations that the near- 

shore zones are frequently the most variable. All of the factors 

mentioned above will contribute to the variance of whichever parameters 
we choose to extract for analysis. 

We have computed for each month and for each zone, the mean 

depth of the isothermal surfaces at l0, ll, l2, l3, and l4°C the 

standard deviations of the isotherm depths about these means, the 

minimum and maximum observed depth of the isotherm depths, and the 

number of profiles available in each of the subsets. The number of 

profiles can range from lO5 for zone 3 in August to l for zone l5 

in May. We feel that at least l2 profiles should be available in Order
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to form a stable estimate of the mean and standard deviation of the 

isotherm depths, and even then, we might wonder how evenly these 

samples were distributed over the 20 years of records, although this 

facet could be checked. A similar analysis has been performed for the 

water surface temperature. These computations are presented in 

Tables A- Appendix A to this report. For the months of 

June through September, the surface temperature and the depths of the 
l2°C together with their respective standard deviations are displayed 

in Figs. 6 and 7. Similar figures are presented for the i0 and ; 

l4° C isothermal surfaces in Appendix B (Figs. B—l and B-2). 

Identical calculations were performed for the data avaiable in 

1983, These are also reported in Table A. The horizontal 

distribution and frequency of sampling in i983 reflects the needs of 

the field programs undertaken in that year, one of which was a detailed 

sampling off the mouth of the Niagara River. We have computed 

standard deviations,but because of the limited samples, we consider 

them to be unreliable. i983 values are entered between parentheses on 
the Figs. 6, 7, and the figures of Appendix B. 

Fig. 6a indicates that,generally speaking,-surface temperatures 
in June of i983 are warmer than the average in the western end of the 

lake. In July, (Fig. 6b) they are once more warmer than average in 

the zones where they are reported. In September, I983 (Fig. 6d) 

the mid-lake surface temperatures are slightly warmer than average. 

The average depth of the l2°C isotherm surface in June, ranges 

from A.2 m in zone lb to lA.l m directly across the lake in zone l8. 

With the exception of zone l2, the observations of the depths of the 
12° isotherm in i983 are within one standard deviation of the observed
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g average depths of the l2° surface. In zone l2, the single i983 

observation is inconclusive. in July, the average depth of the l2°C 

isotherm ranges from a minimum of 6.2 m in zone lb to a maximum of 

lb.9 m in zone l7. The few l983 observations favour the impression 

that the l2° isotherm is slightly deeper than average in July, I983. 

In August, the average depth of the l2° isotherm ranges from 9.3 m 

on the north shore of the lake and dips to 20.5 m in zone l7. The 

l983 observations indicate a greater 12°C depth than average in the 

southwest corner of the lake, and somewhat less than average aleng the north- 

shore in September, the average depths of the 12°C surface range from 13.6 
to 20.3 m. with the exception of zone A (one observation in i983) and 

zone 2, where the i983 values seem low, the i983 values are not greatly 

different from the historical mean. D The few measurements available in I983 and their distribution 

do not allow a detailed comparison with the historical averages. 

It is clear that the differences are not extreme. August, l983, would 

seem to have yielded significantly higher than average surface 

temperatures and a slightly greater thermocline depth. 

The I983 data available to this study are not sufficient to 

compute a reliable heat budget of the entire lake and to determine 
thereby whether the lake had gained significantly ore heat than 
average by the time of maximum heat content. Simulation models such 
as those employed by Lam and Schertzer (i983) could be used to 

answer this question.
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Table Capti 

Table l. 

Table 2. 

.— 9 -- 

OHS 

Depth of the l2° C isotherm (mean and standard deviation 
in meters) plus number of observations by month of the 

year and by zone (Fig. 5). Table la summarizes the 20= 

year historical data. Table lb reports the equivalent 

information for l983. 

Mean and standard deviation of surface temperature 

(degrees Celsius) plus number of observations by 
month of the year and by zone. Table 2a summarizes the 

20*year historical data. Table 2b reports the l983 data
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Figure l) 

Figure 2) 

Figure 3) 

Figure 4) 

Figure 5) 

Figure 6) 

Figure 7) 

Figure Captions 

Average depth of selected isothermal surfaces for 2Q years of 
data collected near the I00 m depth contour off Toronto.‘ 

Depths of the l2, 8, and h.5° C isothermal surfaces for the month 
of September, i980 as measured by a 2l—thermistor array located 
on the l0O m depth contour off Toronto. A stick-vector plot 
of six-hourly averaged winds at Toronto is shown above the water 
temperature data. 

Surface temperature and depth of the l3° C isothermal surface 
(thermocline) based on temperature profiles collected at 
positions indicated on the surface temperature plot 
between l8 and 2i September, l972. At this timethe lake is 
close to maximum heat content and the distribution of 
surface temperature and thermocline depth is the result 
of previous strong winds out of the west. 

Power spectra of the time-series of records of isotherm 
depths (b.5° C and 8.0° C) over the three*month period July 
through September l980. The last third of this record is 
shown in Fig. 2. 

Definition of zones in the Western end of Lake Ontario. 

Average and standard deviation of surface temperatures 
for the l8 zones and the months of June through September. 
Results from the 20-year historical set are unbracketed; 
1983 results are bracketed. 

Similar to Fig, 6 except that the numbers shown are depths of the 
12° C isotherm in metres.
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APPENDlXaA 

Tables identical to Tables la and lb for the l0, ll, 13, 

isothermal surfaces. 
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APPENDIX B 

Figures identical to Figure 7 for the depths of the 10, ll 

13 and 15°C isothermal surfaces.
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