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DIRECTOR'S INTRODUCTION 

The Great Lakes Fisheries Research Branch, until recently the 
Great Lakes Biolimnology Laboratory, is the research wing of the 
Ontario Region of the Pacific and Freshwater Fisheries of the 
Department of Fisheries and Oceans. 

From its initiation in 1967 as a detachment of the Freshwater 
Institute at Winnipeg it has expanded over the years to an organiza
tion of 44 persans with a budget of approximately two million 
dollars. 

The Laboratory's beginnings as a discrete entity in 1973 
followed the signing of the Great Lakes Water Quality Agreement by 
Canada and the United States. The 1978 revis ion and re-signing of 
this bilateral Agreement resulted in an upgrading of the Laboratory's 
strength to meet increasing biological concerns in the Great Lakes. 
This Agreement remains the major mandate of the Branch though addi
tional responsibilities are incurred under the Fisheries Act. 

The GLFRB program is intimately involved with the other com
ponents of Great Lakes research conducted by a number of federal ser
vices of the Department of the Environment, e.g., National Water 
Research Institute, Ontario Region of the Inland Waters Directorate, 
Environmental Protection Service, Canadian Wildlife Service, National 
Health and Welfare, and provincial agencies such as Ontario Ministry 
of Natural Resources and Ministry of the Environment. Through fur
ther involvement with the International Joint Commission and the 
Great Lakes Fishery Commission, the Branch has direct dealings with 
U.S. federal and state agencies involved in Great Lakes research. 

During 1980 the Branch incepted a regional research program on 
the effects of atmospheric loadings of contaminants on lake ecosys
tems, in particular the effects on fish populations. In 1981 this 
research became a component of the National Departmental Program on 
Acid Rain and the Branch has maintained a lead role in the descrip
tion of effects based on a National Lake Inventory Survey being con
ducted by the regional groups in the Department. 

GLFRB 's major program  on the Great Lakes is conducted under 
three program areas defined as Surveillance, Environmental Toxi
cology, and Ecosystems, with the conduct of the Acid Rain Program 
under Ecosystems. 

The results of individual  projects within  the se three program 
areas are given in the following descriptions of the Laboratory' s 
activities, stressing the results of projects in the fiscal year 
1981-1982. 

R.L. Thomas 
15 October, 1982 
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SURVEILLANCE 

Program Leader - Dr. H. Shear. 

INTRODUCTION 

In response to specific requirements of the Great Lakes Water 
Quality Agreement (1972 and 1978), the surveillance program of 
GLFRB has evolved from the earlier descriptive biology program to 
one which now consists of four components: 

(A) biological monitoring; 

(B) contaminants surveillance in biota; 

- / (C) fish health studies; 

(D) phycological studies. 

In addition to satisfying the very speci fic requirements of 
the Great Lakes Water Quality Agreement, the surveillance program 
has been developing a major input to the Great Lake s Fishery 
Commission through specific studies of the effects of environmental 
stress on fish health, and through reporting of levels of contami
nants in biota (components (B) and (C) above). 

The contaminants surveillance pro gram has provided some very 
valuable data to the I.J.C. on contaminant levels in fish. There 
appears to be a downward trend in PCB and DDT concentrations in 
fish tissue over the years (1977-1981) in Lake Ontario, for 
example. This program has also produced data on levels of dioxins 
in fish and has been instrumental in developing the current guide
line for dioxins considered safe for human consumption. 

/ 

A new problem, that of toxaphene in Lake Superior, appears to ,/ 
be arising. Levels in whole fish range from 0.4 to 6.0 ppm in fish 
taken from Thunder Bay in 1980. Work on this compound is continu
ing. 

Phycological studies on the Great Lake s have moved away from 
the routine identification and e numeration of phytoplankton to 
studies on the ecology of nannoplankton (very small algal 
species). Experiments are under way to de termine the effects of 
trace rnetals on nannoplankton and the implications that this has on 
zooplankton grazing and contaminant dynamics. 



4 

New work initiated recently is looking at the development of 
an algal bioassay technique to assess the impact of dredge spoil 
disposal on natural phytoplankton communities. 

The surveillance group consists of four biologists, one 
research scientist, and four technicians. Logistical support for 
surveillance activities is provided by the Bayfield Laboratory for 
Marine Sciences and Surveys (Canada Department of Fisheries and 
Oceans), the National Water Research Institute (Canada Department 
of the Environment), and the Ontario Ministry of Natural Resources. 

General descriptions of the major projects in surveillance are 
gi ven below. 

A. Biological Monitoring 

(1) Long-term biological index monitoring. Project Leader -
Dr. H. Shear 

It had been recognized for some time within the Department, that 
the present method of surveillance was outdated and costly, and was 
largely addressing water quality issues with little emphasis on 
fisheries issues. The practice of major surveys on the Great Lakes 
satisfied the needs of the International Joint Commission (IJC) and 
the research community in the early 1970's. However, the needs of 
the 1980's are qui.te different. We are in a phase of taking the 
pulses of the lakes, rather than givi.ng them a major examinati.on 
several times a year. 

In an ideal si.tuation, surveillance could be achieved with 
remote instrument platfonns stati.oned at critical areas of the 
lake. These could measure chemical and biological parameters on a 
continuing basis, giving one a snapshot of the lake at any one 
time. This approach is clearly years away, but GLFRB has taken an 
initial step which goes part way t owards this strategy. We sample 
a very few stations (in Lake Ontario initially) on a weekly basis. 
The routine chemistry is carried out similar to that on the major 
surveys. In addition, phytoplankton, zooplankton, and benthic 
samples are collected for identification, enumeration, and biomass 
estimation. 

lt is the intent that two major outputs result from this 
project: 

( i) a major refinement of the time scale of processes in Lake 
Ontario, resulting in an optimum sampling strategy for the 
surveillance program; 
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(ii) information which will permit some modelling of produc
tivity of the lake, with the goal of estimating potential 
fisheries production. 

The project was initiated in March 1981 and the field season 
ended in mid-December. Most data are still undergoing analysis by 
GLFRB staff and colleagues in NWRI and will be available for study 
at a later date. 

It is hoped that with a second year of data in Lake Ontario in 
1982, the potential of the project will have been realized and the 
work will be extended into Lake Erie. 

(2) Lake Superior study on factors affecting phytoplankton 
productivity. Project Leader - Dr. H. Shear 

' 
It has long been assumed that phosphorus was the factor limiting 
phytoplankton productivity in the Great Lakes. So st r ong was this 
belief, that an entire management program was developed and imple
mented around control of phosphorus inputs to the Great Lakes. For 
Lakes Ontario and Erie this assumpt ion has proved to be correct; 
however, for Lake Superior there was some speculation that physical 
factors (e.g., light, temperature) may be more important in limit
ing the physiological responses of the phytoplankton community. 

In August and September, 1979, GLFRB made use of a ship of 
opportunity (CSS Bayfield) to carry out some basic experiments 
measuring primary production and phosphorus kinetlcs at two near
shore (Rossport and Terrace Bay) and two offshore stations in Lake 
Superior. The results of this work suggest that t he phosphorus 
turnover times were inconsistent wi.th a severe phosphorus limita
tion in Lake Superior (Nalewajko et al., 1981). The results indi
cated that light intensi ty was probably the li mit ing factor for 
phytoplankton growth at these stations. Table l shows some of the 
parameters measured on these two cruises. In particular, the N:P 
ratios and phosphate turnover times are not consistent with pub
lished values for phosphorus-stressed communities. Pa r allel labor
atory experiments confirmed that the phosphorus kinetics and 
primary production curves were indicative of a low-light adapted 
population. 

During 1980 and 1981, extensive research was carried out in 
the Canadian Great Lakes to verify our hypotheses rega rding llght 
and tempe rature as factors 1 imiting producti vi ty. Pre l imina ry 
analysis of the data indicates that there is a negative correlation 
between phosphorus turnover tirnes and t e mperature up to about 10 °C 
(Fig. 1). This would be highly significant Ln Lake Superior where 
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TABLE 1. Physical, chemical, and biological characteristics at four 
stations in Lake Superior in summer 1979 

Phytoplankton 
biomass 
g m-3 

Chlorophyll a 
µg i-1 

Total phosphorus 
µg 1-l 

Seston N:P atomic 
ratio 

TP:chl a 

Phosphate turnover 
time (min) from 
32P0 4-P uptake 
kinetics 
(1/K) at l m 

Epilimnion: Depth 
Temp. 

Photic zone 
(1% light approx.) 

Aug 6 
Sept 3-4 

Aug 6 
Sept 3-4 

Aug 6 
Sept 3-4 

Aug 6 
Sept 3-4 

Aug 6 
Sept 3-4 

Aug 6 
Sept 3-4 

Stn 1 
Inshore 

Rossport 
48°45'36"N 
87°31'30"W 

0.46 
0.29 

1.74 
1.6 

4 
2 .1 

13: 1 

2.5:1 
1. 2: 1 

36.5 
18.9 

25 m 

Stn 2 Stn 3 
Offshore Offshore 

48°15'54"N 47°59'12"N 
87°13'54"W 87°14'00"W 

0.19 
0.37 

1.02 
0.4 

3 
5 

8: 1 

7. 5: 1 
4.9:1 

32.3 
14.4 

17 m 
12 °C 

29 m 

0.12 
0.41 

0.8 
0.22 

2 
5 

10: 1 

9 .1: 1 
5:1 

33.6 
18.9 

16 m 
12°c 

29 m 

Stn 4 
Inshore 

'T'errance 
Bay 

48°42'36"N 
87°06'36"W 

0.30 
0.48 

1.38 
0.73 

3 
4 

12:1 

4.1:l 
3.6:1 

29. 1 
14.8 

25 m 
12°c 

25 m 
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the mean tempe rature in the photic zone (25 to 30 m) is below 10°C 
for most of the year (Bennett, 1978). Data for the 1980 cruises on 
Lake Superior are given in Table 2, and station locations in 
Fig. 2. The resul ts of the se cruises also indicate significant 
seasonal and spatial variabiity in phosphorus kinetics. 

Data analysis on this project is continuing. It is planned to 
carry out addi tional research in this area in 1983 in conjunction 
with the intensive surveillance of Lake Superior in that year. 

B. Contaminants Surveillance in Biota 

( 1) Great: Lakes int:ernat:ional fish cont:aminant:s surveillance 
program. Project: Leader - Hr. D.H. Whit:tle. Technician -
J. Fit:zsi.mons 

Introduction - The fish contaminants surveillance program is part 
of an International Joint Commission program on the Great -::..akes, 
jointly carried out by the Canadian Department of Fisheries and 
Oceans, the U.S. Fish and Wildlife Service, and the U.S. Environ
mental Protection Agency. The Canadian portion of the pro gram is 
conducted by GLFRB in cooperation wi th the Ontario Ministry of 
Natural Resources, and complernents fish contaminants monitoring 
programs established by the Ontario Ministry of the Environment and 
various environrnental agencies of the United States bordering on 
the Great Lakes. 

The overall objective of the program can be stated as follows: 

'to collectively survey the concentration of contaminants 
in selected species of Great Lakes fish and other biota, 
with the specific purpose of determining environmental 
trends in contaminant leve ls and relating the se, where 
possible, to sources of such pollution, the effectiveness 
of remedial actions, and the potential implications to 
Great Lakes fish stocks and other biota'. 

The Canadian portion of the program initially concentrated on 
determining baseline contaminant levels for several species of fish 
from Lakes Ontario and Erie, as well as plankton and benthic in
vertebrates from sites on the Lower Lakes. Subsequently, the 
program was expanded to caver several sites in Lake Superior, Lake 
Huron, and Georgian Bay. Further, with the recent concern for the 
securi.ty of taxie chemical di.sposal sites on the Niagara River, 
increased emphasis has been placed on the monitoring of the western 
basin of Lake Ontario (Fig. 3). 
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TABLE 2. Ptt, TP and C fixed at stations in the eastern balf of 
Lake Superior, 1980 (see Fig. 2 for location of 
stations) 

Station 

A B C D E F G H I 

Phosphorus 
turnover 
time (min) 

May 672 1134 1081 - 1002 61. 5 

July 32 17 23.8 55.4 29.3 

October 217 306 456 612 262 322 

Total P 
µg 1-l 

May 4.0 4.0 4.0 4.0 4.0 

July 5.0 4.0 4.0 4.0 5.0 

October 3.0 7.0 3.0 3.0 3.0 5.0 

C fixed 
µg C 1-l h-1 

May 1.11 0.54 0.74 0.81 1.42 

July 0.22 1. 18 0.62 0.68 2.33 

0ctober 1.12 2.07 1.96 1.82 1.01 -
--------------------
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Fig. 3 Collection sites, fish contaminants surveillance program. 
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Lake trout and r ainbow smelt were chosen as representative top 
predators and forage species, respectively. Where lake trout were 
not abundant, other locally available top predator species, such as 
rainbow trout, walleye, splake, or coho salmon, were substituted. 

All top predator species were analyzed on an individual whole 
fish basis, while smelt samples were analyzed as five-fish compo
sites. Table 3 indicates the range of routine and non-routine con
taminants moni tored. Non-routine contaminants were moni tored at 
selected sites using the largest top predator samples available, 
while routine analyses were performed on all samples at every site 
monitored. 

Trends - The trends in contaminant burdens for some of the routine 
compounds in top predator and forage fish species are described in 
Table 4. Dur i ng the per i od of the program only DDT has shown a 
significant de c line in both type s of fish species. This continuing 
decline r e flects the l e ngth of time DDT usage has been regulated in 
the Gre at Lake s basin. Table 4 al s o compares body burdens of 
organic and inorganic contaminan ts in f i sh c o l le c ted from offshore 
s i tes in the Upper and Lowe r Gre at Lakes. Organic contaminant con
centrations were consistently lower for both top predator and for
a ge fish specie s from the Upper Lakes. Only mercury values from 
Lake Superior were greate r than those values reported for Lower 
Lakes fish. This may resul t from the historical pollution associa
ted with the pulp and pape r industry concentrated along the north 
shore of Lake Superior. 

As long -lived, high lipid content, and open lake integrators, 
lake trout are effective indicators of lake-wide contaminant 
l e ve ls. Within the Great Lakes they also provide an excellent 
me ans of both intra- and inter-lake comparisons of contaminant 
tre nds . Table 5 c ompare s contaminant burde ns in a single age-class 
(4+) of lake trout colle cted in 1980 from the primarily agricul
tural east e rn basin of Lake Ontario, the industrialized western 
basi n of Lake Onta rio, a site i n the northern portion of Lake 
Huron, and a s ite near Pi e Island on the outer perimeter of Thunde r 
Bay, Lake Supe ri o r. Le ve ls of persistent organic compounds we re 
sig ni f i canlly lowe r in the Lake Superior fish, while mercury values 
we r e o :1ly sli. ghtly higher, as compare d with the other three areas. 
l n o rd e r t o provid e a l onge r t e nn perspective on trends in contami
nan t burci e ns, c urre nl da ta can be compared to similar data from 
hi s t o ri ca l sur ve y s . Tabl e 6 of fe rs a comparison of the change in a 
ran ge of var i. ous c o ntaminants for Lake Supe rior lake trout moni
Ln r t: d i n 1974 a nd agai n i n 1980 . Ove r this period, leve ls of per
si s t en t u r gan i c c ompo unds have decre as e d s i gni f icantly whil e the 
dec r è ;.J. Se i n trac e me t a l l e ve l s i s not as dramatic, and ma.y only 
r e flec l a nd l yli ca l var i ability. 

/ 
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TABLE 3. Routine and non-routine contaminants monitored 

Routine Contaminants Monitored 

PCB 

Mirex 

p,p'-DDE 

p,p'-DDD 

p,p'-DDT 

o,p'-DDT 

Dieldrin 

Heptachlor Epoxide 

Chlordane 

Non-Routine Contaminants Monitored 

Octachlorostyrene 

PCT 

PBB 

Chlorinated Benzenes 

Chlorinated Phenols 

Mirex Photodecomposition Products 

Chlorinated Diphenyl Ethers 

Organolead 

Polychlorinated Dibenzodioxins 

Polychlorinated Dibenzofurans 

Toxaphene 

Hg 

As 

Se 

Cu 

Zn 

Ni 

Cr 

Cd 

Pb 



TABLE 4. Open lak.e whole fish contaminants data (µg g-1) 1977-80 
- -- --- --------- ------ ~--- --- --- ---------------

Lake Ontario Lake Erie Lake Huron Lake Superior 
---- - ---------------- ---------------

Spe cie s Year N EDDT PCB Hg N EDDT PCB Hg N EDDT PCB Hg N WDT PCB Hg 
------------------ -- -

Lake 1977 (42) 2.66 4.95 0.17 
Trout 1978 (141) 1.16 7.10 0.19 

1979 (176) 1. 58 3.79 0.17 (49) 2 0.20 0.78 0.16 
1980 (110) 0.62 4.79 0.21 (4 7) 0.49 0.92 0.14 (50) 0.35 0.85 0.32 

--- -----
Coho 1977 (82) 1.43 3.03 0.16 (20) 0.55 0.91 0.14 
Salmon 1978 (99) 0.64 3.00 0.10 

1979 (25) 0 .81 1. 21 0.11 (23) 0. 19 1.07 0.09 
1980 (26) 0.74 2.30 0.12 (33) 0.26 0.65 0.11 

----------------------- ----
Smelt 1977 ( 38) 1 0.60 1. 50 0 . 08 (85) 1 0.06 0.18 a.os 

1978 (70) 1 0.44 1.82 0.05 (44) 1 0.07 0.27 0.05 
...... 
-"" 

1979 ( 7 3) l 0.39 0.80 0.05 (32) 1 0.09 0.25 0.04 (12) 1 0.07 0.10 0.06 
1980 (33) 1 0.25 1.12 0.04 (39) 1 0.14 0.27 0.04 (35) 1 0.07 0.11 0.07 (12) 1 0.07 0 .11 

Wa lleye 1977 (9) 0.50 1.16 0.20 
1978 (54) 0.26 1.40 0.17 
1979 (30) 0.49 3.05 0.15 
1980 (30) 0.47 1.41 0.12 (50) 0.17 0.23 0.20 

- Five-fish composites. 
2 - Splake. ;: 
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TABLE 5. Contaminant burdens in a single age-class (4+) lake 
trout from four areas in the Great Lakes, 1980 

N 

Total Length (cm) 

Weight (g) 

% Lipid 

PCB 

WDT 

Dieldrin 

Hg 

Lake Ontario 

Kingston Port 
Basin Credit 

39 

55.7 

1906.8 

18.94 

3.98 

0.61 

0.12 

0.19 

29 

55.S 

1754.0 

18.37 

5.52 

0.59 

a.os 

0.22 

Lake Huron 

Burnt 
Island 

13 

41.0 

667.4 

11.13 

0.94 

0.55 

0.08 

0 .1 S 

Lake Superior 

Thunder 
Bay 

12 

46.2 

1104. 8 

14.06 

0.90 

0.35 

0.04 

0.29 

Note: All results expressed as ~g g-1 wet weight otherwise unless 
noted. 
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TABLE 6. Lake Superior - lake trout. Whole fish contaminant data 
(µg g-1) 

1974 

N 70( 1 ) 

Weight (g) 1917.6 

Total Length (cm) 

% Lipid 

PCB 

Dieldrin 

WDT 

Hg 

As 

Cd 

Cr 

Cu 

Pb 

Se 

Zn 

(l) Five fish composite samples. 
( 2) Individual fish. 

53.8 

20.0 

2.02 

0.15 

4.38 

0.51 

0.51 

0.02 

0.04 

0.82 

0.04 

0.47 

12.20 

1980 

50( 2 ) 

1832.4 

54.8 

18.7 

0.85 

0.05 

0.34 

0.32 

0.36 

0.01 

< 0.02 

0.70 

< 0.10 

0.38 

11.64 
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Additional Studies - All samples for the open lake contaminants 
monitoring program are analyzed on a whole fish basis, while prin
cipal monitoring programs of provincial and state agencies analyze 
edible portions to produce consumption guidelines based on human 
health concerns. A program was initiated to investigate the rela
tionship of contaminant levels in whole fish and in fillet 
samples. Representative aliquots of whole fish and edible portion 
were collected from the same individual fish, and submitted for 
organic and metal contaminant analyses. Lake trout and walleye 
were chosen as representative high and low lipid content fish, 
respectively. With the exception of mercury, all whole fish con
taminant levels were greater than fil let levels for both species. 
For lake trout samples, with an average whole fish lipid content of 
21.3 percent, mercury levels were 26 percent greater in fillet ~ 
samples, while levels of persistent organic compounds such as PCB, 
DDT, dieldrin and chlordane averaged 51.7 percent greater in wholei/ 
fish samples. For walleye, with an average lipid content of 
11.0 percent, mercury levels were 40.3 percent greater in fillets, 
but major organic contaminants were 25. 7 percent greater in whole 
fish samples. Therefore, in the case of ultra-trace organic con
taminants at the parts per billion or even parts per trillion 
level, the analysis of whole fish samples is the preferred method 
for determining the occurrence of significant bioaccumulation of 
taxie materials. This method also serves as an early warning 
system for potential problems that may result in closure of a 
fishery for human health concerns. 

Another aspect of the contaminants surveillance program is the 
investigation of the effect of contaminants on Great Lakes fish. 
Waterborne lead is taxie to fish, causing both haematological and 
neuropathological adverse effects. The most sensitive haematologi
cal effect is the inhibition of levulinic dehydratase 
(ALA-D), an enzyme involved in haemoglobin catalase, and cytochrome 
syntheses. The act ivi ty of erythrocyte ALA-D is inve rse ly related 
to the logarithm of both blood lead and waterborne lead concentra
tions, thus providing a good indication of both lead exposure and 
body burdens of lead. After eight to sixteen weeks, the enzyme is 
inhibited by exposure to waterborne l e ad concentrations as low as 
10 to 13 µg- 1• Therefore, ALA-D inhibition provides an early 
warning capacity for adverse effects and is sensitive enough for 
the detection of waterborne lead concentrations equal to or lower 
than those causing chronic toxicity or those producing detectable 
body burdens. This data base was produced by controlled laboratory 
exposures of salmonids by the Aquatic Toxicology Sectio n of GLFRB 
and it indicated that ALA-D activity could provide a means of sur
veying the exposure of feral fish to lead. Consequently, a survey 
was initiated to monitor ALA-D activities of lake trout - an open 
lake species, and carp and white suckers - principally inshore 
species. 



18 

Blood lead concentrations of lake trout increased from 19 µg- 1 

in eastern Lake Ontario to 92 µg- 1 at a site in western Ontario, 
while ALA-D activities decreased correspondingly by about 33 per
cent (Fig. 4). Carp caught at inshore sites had blood lead concen
trations five to ten times higher than lake trout. However, 
lncreases in blood lead concentrations did not produce correspond
ing decreases in ALA-D activities. Future research will be 
di rected towards investigating the possible causes for this poor 
relationship and the development of alternative methods of ALA-D 
assay. 

Future Prograas -

1. Cont.lnued monitoring of representative fish species, plankton, 
and benthic invertebrates in order to determine trends in con
taminant levels. 

2. A study to determine the seasonal shift in contaminant burdens 
within the major organs, lipid deposits, and muscle tissue, of 
a single age-class of Lake Ontario lake trout. This study is 
being undertaken in cooperation with the Ontario Ministry of 
the Environment. 

3. An investigation of the seasonal dynamics of a range of 
organic compounds associated with two distinct food chains and 
influenced by the Niagara River plume. This project will be 
developed in conjunction with the Envi ronmental Contaminants 
Division of the National Water Research Institute, Canada 
Department of the Environment. 

4. 

5. 

6. 

A continuing investigation of the utility of ALA-D activity as 
a tool for surveillance of lead exposure in feral fish. 

of the envi ronmental levels of recently Continue d evaluation 
identified compounds 
2,3,7,8,-tetrachloro 
dioxins, as well 
recently identlfied 

such as polychlorinated dibenzofurans, 
dibenzo-p-dioxin and higher chlorinated 

as photodecomposition products of some 
persistent organic compounds. 

An inve stigation of the degree of fluctuating asymmetry in fin 
rays of fish as an indicator of environmental stress. This 
project wi 11 study the pectoral fin ray asymmetry of rainbow 
smelt, alewife, and slimy sculpin from both heavily contami
nat ed and r e latively clean areas of the Great Lakes. These 
observations may supply a potential early warning indicator of 
env.ironme ntal stress on major diet items of Great Lake s fish. 
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(2) Biological t:issue archive st:udies. Project: Leader 
llr. D.11. Whit:t:le 

A biological tissue bank is maintained as part of the Contaminants 
Surveillance Program of GLFRB. Representative aliquots of fish 
tissue homogenates, plankton, zooplankton, and benthic inverte
brates are stored for future contaminant analysis. Ongoing activi
ties of the project involve defining preservation and storage 
conditions for rnaintaining the integrity of organochlorine residues 
for extended periods in a variety of tissue types. 

To date, studies have involved storage of fish tissue and 
plankton samples at -20°, -40°, -80°, and -196°C. ln addition, 
samples have been freeze-dried, preserved with five percent forma
lin and then frozen at -20°C, prefrozen in liquid nitrogen and held 
at -20°C, and air-dried at +60°C. Sotœ samiles of fish muscle 
tissue and li ver have been inoculated wi th C 4 -PCB and stored at 
various temperatures. 

(a) Fish Tissue Archive - Samples of lake trout stored frozen at 
-20°C showed significant losses of HCB (23 to 25 percent) and 
pp'-DDE (59 to 62 percent) after only eight weeks of storage, 
wi th no significant decreases thereafter up to 49 weeks of 
cumulative storage time. Losses of PCB (30 to 33 percent) 
were signi ficant only after 41 weeks of storage. The extent 
of total losses for all compounds will be assessed after a 
cumulative storage period of 96 weeks. 

Data for lake trout indicate significant losses of HCB 
(70 percent), pp'-DDE (45 percent), and PCB (20 to 35 percent) 
upon freeze-drying. Losses subsequent to freeze-drying were ' 
significant only for PCB in lake trout samples stored 21 weeks 
at -20°C and brought the cumulative loss to 48 percent. As a 
result of these observed losses, no further freeze-dried 
samples were analyzed after 29 weeks of cumulative storage. A 
two-year study was initiated to compare storage temperatures 
of -20°C and -40°C. An evaluation of the effect of pre
freezing samples with liquid nitrogen was also made. This was 
lntended to prevent the migration of lipid rnaterial to the 
exterior of the sample container before freezing was com
plete. Coho salmon from the Credit River were used for this 
study. 

Si.gnificant losses were observed over one year of stor
age, regardless of temperature or pre-freezing, for pp'-DDD 
(four to sixteen percent), pp'-DDE (15 to 21 percent), oxy
chlordane (23 to 35 percent), dieldri.n (18 to 39 percent), 
rnirex ('31 to 39 percent), and gamrna-chlordane (71 percent). 
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Losses of PCB were significant only at -20°C (seven to ten 
percent) regardless of pretreatment. Significant losses of 
pp'-DDT occurred at both -20°C and -40°C regardless of pre
freezing, and were significantly higher at -20°C (17 to 
19 percent) than at -40°C (six to nine percent). Neither HCB 
nor photo-mirex showed significant losses after one year of 
storage. 

One more set of analyses is to be performed for this 
study, when two years of cumulative storage have elapsed. 

(b) Plankton Archive - Bulk samples of oppossum shrirnp (Mysi~ 
relicta) were used for this two-year study to assess the 
archiving potential of invertebrates. Thus far, sarnples 
stored one month at -20°C, or dried (+60°C) and stored at 
+20°C, show significant losses of HCB of 26 percent and 
33 percent, respectively, compared to sarnples stored at -20°C. 

In a further effort to evaluate the archiving potential of 
invertebrates, a two-year study using bulk net plankton 
samples was initiated. Results of analyses on sarnples stored 
for three weeks indicate s igni f icant los ses of pp' -ODE when 
stored at either -20°C (26 percent), or dried (+60°C) and 
stored at +20°C (31 percent) cornpared to samples stored at 
-40°C. Also, significant losses of dieldrin (2l percent) wece 
observed under the same conditions when compared to -40°C. 

Two more sets of analyses are to be performed for this 
study, when one and two years of cumulative storage have 
elapsed. 

(c) Overview (Fish) - Table 7 provides a surnmary of the storage 
conditions and individual compound lasses. Initial.ly, inves
tigation of di f f e rent archi vi.ng methodologies was unde rtaken 
to detennine under what conditions losses of chlorinated 
hydrocarbons from fish homogenates could be prevented. This 
would eliminate the cornputat i.on of rate s of loss wi th thei r 
attendant correction factors, necessary if samples were storecl 
at less than ideal conditions. 

From the outset it was thought that -20 °C would be suffi.
cient to maintain the integrily of residues in fLsh homoge n
ates for extended periods. This assumption has been prove n 
false. Furthermore, il was felt that losses, i.f they occur
red, would vary directly with the vapour pressure of the 
particular compound. This was not generally observed, 3incl~ 
losses of pp'-DDE at -20°C were consi.stently hig her than those 
of HCB. HCB is, however, over an order of magni.tacle mor e 
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TABLE 7. Biological tissue archive. SUDIDlary of storage condi-
tions and subsequent specific compound losses 

Treatment 

Lake trout at -20°C 

Lake trout, freeze-dried, 

Lake trout, freeze-dried, 

followed by storage at -20°C 

Lake trout at -40°C, 

prefrozen at -196°C 

Compound 

HCB 

pp'-DDE 

PCB 

HCB 

pp'-DDE 

PCB 

PCB 

pp'-DDT 

pp'-DDD 

pp'-DDE 

0xy-Chlordane 

Dieldrin 

Mirex 

y-Chlordane 

HCB 

Photo-Mi rex 

N.S.D. = No signlficant difference. 

Time 
Period 

Weeks 

8 

8 

41 

0 

0 

0 

21 

52 

52 

52 

52 

52 

52 

52 

52 

52 

Percent 
Lasses 

23-25 

59-62 

30-33 

70 

45 

20-35 

48 

6-9 

4-16 

15-21 

23-35 

18-39 

31-38 

71 

N.S.D. 

N.S.D. 
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volatile than pp'-DDE. The smaller losses genei:-ally observed 
for HCB over pp'-DDE may indicate that much of the HCB was 
already gone by the time of the initial analysis. The remai.~
der, presumably more tightly bound, is lost at a considerahly 
slower rate. This would suggest therefore, that, depending on 
when the first analysis is carried out on a sample after it i.s 
ground up, subsequent analysis of the same sample ma.y or ma.y 
not show a change. Analysis should be performed as soon after 
sample homogenization as possible if the archive is to reflect 
the environmental exposur e to a compound. 

Initial results indicate that a storage temperature of 
-40°C neither prevents the loss of most of the common chlorin
ated hydrocarbon pesticides nor is it better than -20°C in 
most cases. The.refore, colde r storage temperatures need to be 
investigated. A radiolabelled PCB study wil.l include tempera
tures of -80°C and -196°C, as well as -20°C and -40 °C, and 
will hopefully provide the needed information for decidin~ 
whether or not a no-loss storage temperature is possible. 
Failing this, losses over the storage period of a tissue 
archive may have to be accepted, necess i tati.ng the determina
tion of rates of loss. Whatever the case, the findings of the 
PCB study will only be applicable to Arochlor 1254 with its 
particular physical and chemical properties. It wi.11, how
ever, provide some insight lnto the behaviour of more labile 
compounds. 

C. Fish Health Studies 

Introduction - Environmental contaminants are rnonitored in Great 
Lakes fish to detect sites of discharge, geographical distribution, 
and temporal trends for e>üsting che micals, and to identify new and 
potential ly haza rdous substances. In mos t cases , conce rn for human 
health effects is limited to consumers, but the possi.bi.Lity exi.sts 
that these chernicals may have adverse effects on the fish them
selves. Laboratory toxicology suggests that contaminants may 
(a) alter physiological and biochemi c al functi.ons, (b) influence. 
migratory, social, and sensory beha:;i.our, rnd (c) in<luce tumours, 
lesions, diseases , and other pathological conditions. 

Great Lake s fish populations are r..irely exposed Lo a single 
chemical under controlled conditions and the 1arge nurnh,•r of inl i-! r
acti.ng chemical and physical. variable s im pact ing or, 1 i ,;11 rna ke lt 
extremely dlfficult to <l e velop c l e ;i.r cause and effP<: L r i?. l,qtl on
ships. However, epidemiological studies in the Great T,,qkes Î.'1rii·
cate that some flsh species show evi.dence of dis ease (Ryde r, l9 6 9), 
parasites (Nepszy, 1981), and turnt111rs (Budd a nd Sr. hr ,,d(•1· , l969: 
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Sonstegard, 1977). This data, supported by evidence that the 
prevalence of disease and pathological anomalies increase drama
tically near polluted areas (Mclntyre et al., 1978; Sindermann, 
1979) suggests that some species of Great Lakes fish may be 
responding to environmental stress. 

The International Council for the Exploration of the Sea 
(Mclntyre et al., 1978) recognized the potential value of using 
fish condition-as an indicator of cnvironmental degradation and 
recommended that fisheries agencies routinely monitor sites and 
species at risk for evidence of disease, tumours, lesions, fin rot, 
and biochemical, physiological, and behavioural anomalies. Unfor
tunately, procedures for assessing the health and well-being of 
fish populations are in a developmental stage and have found more 
applicability in toxicology than applied fisheries research. 

( 1) Tumour monitorincJ in the Great Lakes. 
llr. v.w. Cairns 

Project Leader -

The surveillance group initiated a program t o assess the utility of 
pathological monitoring as a tool for identifying sites and species 
exposed to contaminant stress. The first step in this project was 
the production of a tumour identification manual which could be 
used to alert field biologists to the presence of fish tumours. 
The manual was prepared under contract to the Canada Department of 
Fisheries and Oceans and Canada Department of the Environment, and 
was followed by a tumour identification workshop. 

Using the identification manual as a guide to commonly occur
ring tumours in Great Lakes fish, a preliminary survey began in 
1980 at selected locations around the Lower Great Lakes (Fig.S) 
representing control sites and areas impacted by radioactive and 
industrial pollutants, eutrophication, and urban development. The 
three main objectives of the program were: 

(a) to assess the practicality of routine pathological monitoring 
within surveillance; 

(b) to identify a potentially useful monitoring species using the 
following crite ria: 

(i) the species should be widely distributed throughout the 
Great Lakes; 

(ii) the species should be an indicator of nearshore condi
tions and spending most of i.t s t i llle directly or indi
rectly associated with bottom sediments; 
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Fig. 5 Fish sampling sites on the Great Lakes. 
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(iii) the prevalence of the pathological condition should be 
related to specific contaminants or polluted environ
ments; 

(iv) the pathological condition should have adverse effects 
on the species or be an indicator of adverse effects; 

(v) the anomaly should be easily observed and quantified by 
field personnel; and 

(c) to determine tumour prevalence in selected areas of the Lower 
Great Lakes. 

Approximately 8,000 fish were collected with the assistance of 
the Ontario Ministry of Natural Resources and Ontario Hydra. The 
fish were examined ex:ternally for signs of disease, tumours, para
sites, and skeletal and gill deformities. Fish were weighed, 
measured, and sexed. Organs were weighed, gonad condition recor
ded, and sections of eight tissues from ten normal and ten affected 
fish of each species at each site were removed and preserved. 
Tissues representing abnormal pathological conditions were sec
tioned and examined histologically to confirm preliminary field 
observations. The remaining tissues were embedded in paraffin and 
retained as a tissue archive. Representative samples of tumoured 
and non-tumoured fish from several sites were submitted for organic 
analyses. 

Results from the survey indicate that the white sucker 
(Catostomus commersoni) may be a prom1s1ng bioeffects monitor. The 
infected species develop epidermal papillomas on the lips, body, or 
fins. The papillomas may occur singly or in multiples, usually 
clustered on the lips, and ranging in size from less than 5 mm to 
greater than 20 mm in diame t e r. The tumour is repo rted to be 
benign (Sonstegard, 1977) and efforts to induce the condition in 
non-affected white suckers by abrasive contact and inoculation of 
cell-free tumour preparations have been negative (Sonstegard, 
1977). 

The white sucker satisfied four of the five criteria for the 
selection of a good monitoring species. lt is widely distributed 
throughout the Gre at Lake s, and occurred at 23 of the 28 sites 
sample d during the survey (Tabl e 8). The papilloma is not confined 
t o one geog raphical reg ion and was obse rved at 17 of the 2 3 loca
ti ons. In addition, the tumour can be obs e rved and correctly diag
nos e d by inexpe rienced f ield personnel and da ta describi.ng sex , 
age , and tumour pre valence can be obtaine d wi.thout sacri.ficing the 
fish. The whit e sucke r f e eds on bottom inve rte brates, maintains a 
c lose a s soc Lation wi.th bottom s e diments, and is conside red to be a 
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TABLE 8. Availability of fish at sampling locations and the 
frequency of pathological anomalies at these sites 

Species 

Brown Bullhead 

Carp 

Carp X Goldfish 
Hybrid 

Channel Catfish 

Coho 

Drum 

Gizzard Shad 

Golden and Silver 
Redhorse 

Longnose Sucker 

Pike 

Pathological 
Condition 

Papilloma 

Gonadal tumour 

Gonadal tumour 

Papilloma 

Thyroid hyperplasia 

Epidermal hyperplasia 

Epidermal hyperplasia 

Papilloma 

Papilloma 

Lymphosarcoma 

Number of 
Sites 

Species 
Captured 

14 

12 

6 

8 

4 

9 

8 

9 

2 

9 

Walleye Lymphocystis, Dermal Fibroma 15 

White Sucke r Papilloma 23 

Yellow Perch Gonadal tumour 16 

Note: 28 sites visited in 1980. 

Number of 
Sites 

Condition 
Recorded 

8 

3 

6 

1 

3 

0 

2 

0 

7 

17 

8 
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good indicator of nearshore conditions. There is no direct evi
dence that epidermal papillomas are induced by environmental con
taminants. However, the geographical distribution of tumour preva
lence clearly indicates differences between sites and suggests 
increased prevalence in the nearshore western end of Lake Ontario, 
reaching a maximum of 41 percent in Hamilton Harbour (Fig. 6). 

White suckers from Hamilton Harbour were studied extensively 
in 1981 to expand the data base on tumour prevalence and to deter
mine the usefulness of the papilloma as an indicator of adverse 
effects at the individual and population levels. During the spring 
spawning migration 1200 white suckers were tagged of which 41 per
cent were affected by epidermal papillomas. Prevalence was found 
to be age-dependent, with only five percent occurrence on fish less 
than seven years old. Tumour frequency increased with age. Fifty 
percent of fish over 12 years of age (60 percent of the adult popu
lation) were affected by lip papillomas (Fig. 7). 

Tumour prevalence was not influenced by sex (the ratio of 
effected males to affected females was 0.9 ± 0.2, n = 3178), and 
the presence of spent, tumour-bearing females in the downstream 
migration suggested that fish with papillomas participated in 
spawnlng activity. Fecundity measurements between papillomatous 
and non-papillomatous fish were not significantly different. 

Eggs from tumoured and non-tumoured Eish were fertllized and 
cultured in the la bora tory. There was no difference in percent 
fertilization, percent hatch, swim-up survi val, or growth. Fry 
from normal and papillomatous flsh showed evidence of pericardial 
edema but this condition has been previously reported for Lake 
Huron white suckers (McElman and Balon, 1980), and is not 
considered unique to Hamilton Harbour. 

The tumour surveillance pro gram wi 11 continue to address the 
relevance of the papilloma to fish population health. The spawning 
migration will be monitored in 1982 for the purpose of recapturing 
tagged fish in order to estimate tumour incidence and to compare 
growth and mortality rates for tumour-bearing and normal fish. 
Several papillomas in the 1981 collection were large enough to 
al:nost occlude the mouth and i.n the more eictreme cases would cer
tainly have an effect on survival. 

(2) Reproduction in Great Lakes trout. Project Leader 

Hr. v .w. Cairns 

Lake trout populations, plentiful during the first 30 years of the 
20th century, dwindled and collapsed during the period from 1935 to 



Fig.6 Pr.-evalence (%) of epidermal papilloma on white 
suckers greater.- than 36 cm fork length. 
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1950. The causes ar-e numer-ous, but over-fishing, lamprey predation, 
and changes in species composition ar-e commonly believed to be the 
main factors r-esponsi.ble for- the near- extinction of lake trnut i.n 
Lake Ontario. 

Since the mid-1950's, r-estor-ation and r-ehabilitation of the 
lake trout population has been a major- objective of both the pr-o
vincial and state fisher-ies agencies. The Ontar-io Ministr-y of 
Natural Re sources (OMNR) and the New Yor-k Depar-tment of Envi r-onmen
tal Conservation stocked appr-oximately 3.5 million lake trout i.nto 
Lake Ontario between 1973 and 1978 in an effor-t to r-e-establish a 
viable, self-sustaining population. New Yor-k has r-ecently achie ved 
their- objective of planting one million lake trout year-ly into Lake 
Ontario. 

The success of the s tocking pr-ogr-am de pends, in part, on the 
ability of these animals to repr-oduce. In 1978 New Yor-k reported 
an anomaly in lake trout testes which appear-ed as a constr-icti.on at 
ir-regular intervals along the testis. The sig nificance of the con
str-iction to the r-eproductive potential of male lake trout a nd 
subsequent impacts on the r-estoration progr-am are unknown. 

A pr-eliminar-y study was initiate d in 1980 to assess the impli
cation of gonadal constr-ictions on lake tr-out r-epr-oduction. A 
small sample of f i ve nor-mal and thr-ee constr-icted testes wer-e 
collected from the eas ter-n bas in of Lake Onta rio a nd submi.tted to 
Dr. Ruby at Concor-dia Uni ve r- s ity for hist opatholog i cal a nalyse s. 
The r-eport confirmed de layed cycle s o f s permatoge nesi s in the thre e 
constr-icted fish, premature r-elease of developing germ cells, a nd a 
reduction of approximately 40 per-cent in sperm available fo r f e rti
lization. Non-constricted lake trout we r-e deve loping nonna lly. 

Although the numher of sampl e3 s ubmitt e d fo r a nalys es was too 
few to suppor-t definite conclusions, the avail a ble r e sults cle ar-l y 
indicate a need to determine the ge ographic ;il distr-ibuti.on of the 
constr-ictions, the percent occurrenc e , a nd pos s ible adve rse effect s 
on r-epr-oductive success. 

Samples of wild and hatche ry - r e are d lake trout wer-e coll e cte d 
fr-om Lakes Supe r-ior, Mich i. ga n, Huron, a nd Ont a rio, with the a sais
tance of the Onta rio Mini s try o f Na t ur al Resour c.es ( OMNR) a nd t: he 
U.S. Fish and Wi.ldlife Se r vic e , Ann Arbor, Mich i. p;a n. ln additi o r1, 
the OMNR als o pr-ovide d f i s h a nd o bse rvati o ns fr orn se vern l in Lrnd 
lakes and three ha tche rie s. 

The r- e sults indicate that the p rese nce of t es ti c~ l a r constri c 
tions is wide spre ad throug hout the Grea t Lakes , 0c curring i a 
hatche ry-rea r ed a nd wil d f i. s h ( T;i hl e 9). 8io l og i sts wi th t he OM'.'JR 
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TABLE 9. Distribution of testicular constrictions in native and 
hatchery lake trout, splake and whitefish 

Location Fish 

Lake Ontario 
Eastern Basin H.L.T. 
Western Basin H.L.T. 

Lake Huron H.L.T. 

Lake Michigan H.L.T. 

Great Slave Lake N.L.T. 

Lake Opeongo N.L.T. 

Lake Simcoe N.L.T. 

Rideau Lakes N.L.T. 

Dorion Hatchery H.L.T. 

Hills Lake Hatchery H.L.T. 

Chatsworth Hatchery Splake 

Lake Nipiss ing Whitefish 

~ideau Lakes Whitefish 

H.L.T. = Hatchery reared lake trout. 
N.L.T. = Native Lake Lrout. 
+ Observed only. 

Percent Occurrence 

37 ( 116) 
38 (349) 

43 (21) 

33 (15) 

+ 

5 (42) 

10 (21) 

40 (5) 

13 (30) 

27 (22) 

13 (30) 

+ 

+ 
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have reported similar morphological conditions in splake from 
Georgian Bay, splake from the Chatsworth hatchery, and whitefish 
from Lake Ontario, Lake Nipissing, and the Rideau lakes. 

Several projects were undertaken in 1981 to address issues 
raised in the histological ~port. Samples of lake trout testes 
were collected monthly from Lake Ontario and Lake Opeongo to com
pare stages of spermatogenesis between wi ld and hatchery fish and 
between constricted and non-constricted Lake Ontario trout. In 
addition, correponding blood plasma samples were collected from 
constricted and non-constricted Lake Ontario fish from May through 
November to monitor androgen levels responsible for testicular 
maturation. Analyses for testosterone, 11-keto testosterone, and 
gonadotropin, will be completed under contract by May, 1982. 

Scientists from the Canada Department of Fisheries and Oceans, 
Halifax, participated in a preliminary study to determine the 
ability of testicular and interrenal tissue, from constricted and 
non-constricted fish, to metabolize labelled progesterone and 
pregnenolone lnto labelled steroids. Four of the five non
-constricted fish synthesized the precursors in a normal and pre
dictable fashion. The constricted fish were also capable of 
steroid biosynthesis. However, care must be taken in interpreting 
these findings. Testicular histology suggested differences between 
constricted and non-constricted fish at the cellular level and 
steroid biosynthesis should be repeated with larger sample sizes on 
more severely affected fish. 

Sperm counts for non-constricted and constricted Lake Ontario 
fish averaged 20.8 ± 5 and 16.8 ± 5 billion sperms per ml of semen, 
respectively. There was large variability between individuals and 
no significant differences between constricted and non-constricted 
fish. 

Lake trout eggs from Lake Manitou were fertil ized with sperm 
from two constricted and five non-constricted Lake Ontario males. 
The sperm was diluted in a chloride and carbonate extender and 
sperm concentrations from 10 8 sperms per egg to 10 2 sperms per egg 
were used to fertilize separate lots of 200 eggs. There was no 
apparent difference in fertilization rate between the two groups 
(Table 10). 

Results of the hormone biosynthesis, sperm count, and egg fer
tilization tests do not support the initial observations that these 
fish may suffer reproductive impairment. Results from the blood 
androgen and comparative histology portions of the study are not 
yet available. In the meantime, steroid biosynthesi.s and egg 
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fertilization tests will be repeated with larger sample sizes 
representing more severely affected males. 

TABLE 10. Percent fertilization of Lake Manitou 1.ake trout eggs 
with sperm. froa constricted Lake Ontario males 

Number Spermatozoa/Egg Constricted Non Constricteà 

108 86 84 

107 65 60 

106 30 9 

105 4 1 

104 0 0 

D. Phycological Studies 

(1) Eutrophication - trophic status. Project Leader -
Dr. M. Munawar. Technician - L. Michell 

The trophic status of the St. Lawrence Great Lakes has changed con
siderably over the years due to increased urbanization and nutrient 
inputs from the Great Lakes basin. The recent awareness of the 
abundance of certain contaminants in these lakes has made it neces
sary to s tudy and compare the past with the current biota. The 
determination of phytoplankton biomass and species composition have 
become established as methods to trace long-terra changes in the 
lake s, because these organisms have short carbon turn-over rates 
and are sensitive to wate r quality conditions. Based on the past 
12 years of work, the general distribution of phytoplankton biomass 
has been det e rmined in all the Great Lakes except Lake Michigan. 
The mean distribution of biomass at various monitoring stations 
across the Great Lakes is given in Fig. 8. The lowest concentra
tion of biomass was found in Lake Supe rior where most of the values 
were less than 0.2 g m- 3• However, the Western Arm, Thunder Bay, 
and Whitefish Bay ha<l relatively the highest concentrations of all 
the Lake Super ior stations. ln Lake Huron, Georgian Bay, and North 
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Fig. 8 Mean distribution of biomass at various monitoring 
stations across the Great Lakes. 
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Channel, most of the biomass values ranged between 0.4 and 
O. 79 g m- 3 On the other hand, the Saginaw Bay station exhibited 
the highest concentration of biomass found in the Great Lakes 
(>7 g m- 3). In Lake Erie, the eastern half showed a mean concen
tration ranging between 1.6 and 3.19 g m- 3 and the western half 
showed an average biomass concentration ranging between 1.6 and 
3.19 g m- 3• Figure 8 provides a simple but reliable picture of the 
phytoplankton abundance which more or less reflects the water 
quality conditions across the Great Lakes. Figure 9 shows the mean 
group composition which provides a general overview of the current 
ecological conditions. Diatoms were the main group in the composi
tion of all the lakes except offshore Lake Ontario where green 
algae dominated. The dominant diatom population contained species 
from bath oligotrophic and eutrophie envi ronments. Surprisingly, 
the blue-green algae were the second most abundant after diatoms in 
Lake Huron. They were third and fourth most abundant in inshore/ 
off shore Lake Ontario and western Lake Er i e, respectively. Among 
t he phytoflagellates, the cryptomonads demonstrate a remarkable 
pattern of occurrence s i nce they we re abunda n t i n eutrophie as well 
as in oligotrophic environments. They were t he second most impor
tant group in western Lake Er i e as well as in Lake Superior. The 
chrysomonads, as expected , seemed t o perfo rm better in Lakes Huron 
and Superior. Dinoflagellates thrived .bes t i n the central and 
eastern basins of Lake Erie. 

Based on the mean biomass classification proposed by Munawar 
and Munawar (1982), the St. Lawrence Great Lakes under discussion 
could be tentatively classified as follows: 

Lake Superior ...•.•.••••••...•. Ultra-oligotrophic 

Lake Huron ..••..•..•••...•••••. Oligotrophic 

Lake Ontario 
Inshore ................... . 
Off shore 

Lake Erie 
Eastern basin 
Central basin 
Western basin 

Mesa-eutrophie 
Mesa-eutrophie 

Mesa-eutrophie 
Mesa-eutrophie 
Eutrophie 

(2) Nannoplankton dgnamics. Project Leader - Dr. H. Hr..mawar 

The qualitative and quantitative significance of nannoplankton has 
bee n a focus of attention for the past several years in GLFRB. The 
average size composition of phytoplankton biomass at selected 
stations across the Great Lakes, based on microscope counts, is 
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given in Fig. 10. On an average basis, 49 to 96 percent of the 
biomass was made up of nannoplankton ( < 64 µm). Highest percent 
nannoplankton contribution was observed in Lake Superior and the 
lowest in Lake Huron. These data demonstrate the importance of 
nannoplankton and its size fractions which have been ignored in 
other Great Lakes investigations. 

The results of the carbon-14 uptake experiments carried out 
across the Great Lakes during July, 1973, are presented in 
Fig. 11. It is apparent that a large proportion of carbon-14 was 
taken up by the nannoplankton in all the environments. For 
example, carbon-14 uptake was 87 to 95 percent in Lake Ontario; 70 
to 98 percent in Lake Erie; 67 to 71 percent in Lake St. Clair; 74 
to 90 percent in Lake Huron; and 67 to 100 percent in Lake 
Superior. 

It was also obvious that the smaller size fraction of less 
than H) µm ( µ-algae and ul traplankton) contributed overwhelmingly 
to the total production. They were responsible for between 41 and 
87 percent of the carbon-14 uptake. Current studies in the Great 
Lakes incl.ude both carbon-14 and pigment fractionation besides bio
mass fractionation up to < 5 µm and sometimes 1 µm. An example is 
shown in Table l l for an offshore station in Lake Huron. It is 
apparent that micro-algae were responsible for 37 percent and 
38 percent of total chlorophyll a and carbon-14 uptake, respec
tively, and that together with ultraplankton they comprised 50 per
cent of the pigment and carbon-14 uptake. These data lend further 
support to the observations of Munawar et al. (1978) who showed 
that the 10 11m size category possessed high P/B (activity coeffi
cients). The comparison between Lakes Superior, Ontario, and Erie, 
i.n t e rms of P/B and chlorophyll/bioma:,s quotients, indicated that 
Lake Superior had the highest quotients. This is attributable to 
the abundance of nannoplankton and the ove rwhelming contribution of 
micro-algae and ultraplankton. 

The fractionation approach to algal toxicity was applied for 
the first time in 1977 as a follow-up of Lake Superior research 
:: qrried out ea rli e r (Munawar ;.i.nd Munawac, 1978). Results of toxi
ci ty experimenls to det e rmine the relative sensitivity of various 
si.ze f r actions oE algae to heavy metrtls indicated that there was a 
maj o r inhibition of photosynthesis in the nannoplankton, particu
l.qrly in the ultr-'lplankton (< 10 µm) ("11unawac and Munawar, 1978). 
Tliis o bservat Lon was more o r less applicable to all the ex:periments 
,-:a rri,~d out in the Great Lakes with various metals. The results 
h;;1ve far-reaching implications from an ecological point of view 
s i.nce the nannop1 ;rnkton play a key r o le in the ecosystem dynamics 
and a r e vuln~ra ble t o g razing press ures. 
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TABLE 11. Chloropbyll ~ and 14c uptake fractionation for an 
offshore station of Lake Huron, July, 1980 

- - - - - - ---------------------
<5 µm 5-10 µm 10-20 µm 20-44 µm 44-64 JJ ffi >64 µm 

- --- ~-

Chlorophyll a 37 11.3 7.7 9.2 16.4 18.4 -

Carbon-14 38 14.4 1.8 9.4 11.1 25.2 
uptake % 

- - -- -

( 3) Evaluation of chlorophgll a methodologg in the Great Lakes. 

Project Leader - Dr. H. Hunawar 

A critical examination of filtration and separation procedures for 
the phytoplankton was undertaken. The particle-retaining effi
ciency of glass fibre filters used for filtration of Lake Ontario 
water samples was examined using the routine chlorophyll proce
dure. Preserved filtrates were analyzed by the Utermohl technique 
for phytoplankton. A mean of 40 taxa were identified and enumera
ted in the filtrate. A comparison showed that 0.2 µm nuclepore and 
0.45 µm cellulose membrane filters retained more particles than 
GF/C filters. The passage of cells through filters has been con
sidered one of the reasons for variability observed in phosphorus
chlorophyll relationships and could lead to serious errors, 
particularly in oligotrophic waters. Scanning electron microscope 
studies on the ultrastructure of GF/C filters indicated 'window
like' spaces which permit the passage of nannoplankton (Fig. 12). 
Our studies, therefore, recommend the use of membrane filters for 
routine chlorophyll analysis (Munawar et al., in press). 

(4) Bioaccumulation and contaminants surveillance 
Project Leader - Dr. H. Hunawar 

SEH/EDX. 

A combination of scanning electron microscopy and energy a1sper~Lve / 
X-ray spectroscopy (SEM/EDX) was found to be a very effective tool 
for characterizing the heavy metal load of Great Lakes phyto
flagellates, diatoms, and green algae , and for the surveillance of 
heavy metal pollution. The sensitivity and short generation time 
of nannoplankton and the speed of the described technique make this 
procedure a useful aid in contaminants research. A comrnonly 
occurring green alga in eutrophie environments, Staurastrum 
parado·xum, is shown in Fig. 13. The elernental spectrwn dernon
strates the prese nce of metals in a cel lular structur e . Besicles Mn 
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Fi.g. 12 Scanning elec tron microscope 
ultrastructure of GF/C fil ters. 

studies on the 
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composition at the location indicated by the arrow. 
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and Cu, elevated levels of Fe and Al were detected (Bistricki and 
Munawar, 1982). 

( 5 J Effect of sedi.ment-associated contaminants on phytoplankton. 
Project Leader - Dr. 11. llunawar 

The mechanical disturbance of aquatic sediments affects the concen
trations and distribution of contaminants in the environrnent. 
Major processes of concern in the Great Lakes nearshore zone area 
are the dredging ope rations. Therefore it is essential to assess 
the impact of sediment-associated contaminants on biota. 

A co-oper-ative project with A. Mudroch of the National Water 
Research Institute, Canada Department of the Environment, attempted 
to develop a more sensitive and rapid bioassay technique which will 
take into consideration the differential response of various 
species belonging to different size fractions which constitute 
natural assemblages of phytoplankton. A bioassay bas been 
developed using the radioactive primary productivity method, 
natural phytoplankton communities from Lake On t ario, and chemically 
treated elutriate obtai ned from various Great Lakes sediments. The 
phytoplankton species were further fractioned by their size with 
enumeration and identification of species and the carbon-14 uptake 
by various size fractions was determined. The results of the 
experiments indicated that the impact of dredge spoils could be 
either enhancement or inhibi tian of primary production, depending 
on the pollution and species present in the test assemblage. The 
developed bioassay is fast, sensitive, and useful in the assessment 
of availability of contaminants eluted during dredge spoil 
disposal. 

(6) Phytoplankton-zooplankton grazirq as a transfer mecha.nism for 
contaminants. Project Leader - Dr. 11. llunawar 

Phytoplankton-zooplankton grazing experiments were carried out in 
the Great Lakes by ireans of triple-tracer technique using an in 
situ grazing chamber. The phytoplankton food ration was fractioned 
into three size classes, namely 1 to 5 µm, 5 to 20 µm, and 20 to 
64 11m. Experiments at a nearshore station in Lake Ontario indi
cated that smaller nannoplankton (1 to 20 µm) were greatly pre
ferred over the larger (20 to 64 mm) fraction. The results imply 
that contaminant transfer pathway studies should focus on smaller 
algae as being crucial in phytoplankton-zooplankton links in 
t rophic models (Munawar ~ al., 1981). 
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ENVIRONMENTAL TOXICOLOGY 

Program Leader - Dr. P.V. Hodson. 

INTRODUCTION AND HIGHLIGHTS 

Research in 1981 c ont i nued on bo th con taminan t d yn ami cs and effects 
t o: 

(a) develop crite ri a sui.t ab le for water quali.ty objectives 
for t he protec t i on of aq uati c b i.o t a , 

( b) develop pr inci. ples of aquatic to>Cicology for asse se; i.ng 
the haza rds of contami nants t o aquatic biota, and 

(c) de ve l op pr incipl es of contaminant dy namics for con t ami
na nts manageme n t in aquatic ecosystems . 

Of particular importance in 1981 were studi.es demonstrati.ng 
an interaction between acid rain and the rate of mi.cc-obi.al 1œth~ 
lation of metals. The enhanced methylati.on of mercury, lead, and 
arsenic by low pH may partial ly explain elevated me r cury levels in 
Eish Erom acid lakes and the disappearance of f ish as pH dec Hnes . 
A study of the effect of exploitation pressure on iœrcuc-y levels in 
walleye may influence f.isheries management in contami.nated ecosys
tems. Management of wate r borne contnminants rnay be i.nfluP.nced by 
research results which demonstrate that measur e ments of variance 
are as important as rœasure,nents of concentrations in assessing 
hazards to biota. 

The effects of contaminants on zoopla11kton are beLng stu<li ed 
using mi.xed populations of predat o rs and prey. This work was sig 
nificantly advanced by a ne w mode l of p;uticle size conversion 
efficiency that simplifies and clac-ifies the quanti.fi.cntion of con
taminant effects . Research on quantitative structure-activity 
relationshi.ps between organic chemi<:,qls and Lheir effec ts on fish 
has been facili.tat e d by a new bi.oassay t echn ique , i..e., inlraperi
toneal i.njecti.ons of cnntaminants i.nto f i sh which has ·;impli.fi,~d 
data ge ne ration by avoi.ding aquali.c expos11rr!c; . Resulls t ,1 rl:-tle 
demo nstrate slrong correlati.ons to olher :neasu r ,-•s of Loxi c il y . 

The work by Dr . A. Niimi on proposed ex Le nd P.d wi ,,t.<J r 11,1vi1,a
tion (re ported be low and in List of puhli.c.::i.ti. ons) is :J f B1)P :: i,ql 
i.nt e rest si.nce i.t may be the first step i. ,1 d1,;;il i.n1: •,.ri t: h c1 ., ,t ry 
impoc-tant Ei.sh h.::i.bi.tat issue . 
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The effort devoted to specific contaminants is shifting from 
me tals to organics. The activi ties in 1981 reflect this trend as 
will future publications. The outputs of the Toxicology program 
are primary publications but reports to the International Joint 
Commission and the Envi ronmental Assessrnent and Review Process, 
lectures at local universities, advice to government, industries, 
and other scientists, and participation in expert committees, were 
also important results of research in 1981. 

The following is a series of brief research reports under 
A. Contaminant Dynamics; B. Contaminant Effects; C. Other Studies. 

A. 

(1) 

Contmrlnant Dynmrlcs 

Hetal methylation in acidic erwironments. 
Dr. P.T.S. fforq. Technician - o. Kramar1 

Project Leader - -

The methylation of lead, mercury, arsenic, and selenium was studied 
in sediment from an addic lake (Plastic Lake, 46°11 'N, 78°50'W) 
in Ontario (Table 12). The initial pH of the sedirnent was 5.8 and 
.lt was artificially adjusted to 6.5 and 7.5 with NaOH and to 5.5, 
4.5, and 3.5 with H2so 4 , HN0 3 , or HCl. The results of these 
studies showed that pH affected the rnethylation of elements in 
various ways. 

TABLE 12. Metbylation of eleaents in the aquatic envirooment 

Maximum 
Percent of 

Element Methylation pH Range Reaction 
- - -- ---------- - - - --------

Pb (IV) 0.01 3.5 - 7. 5 Biological 50 - 76% 
Chemical 50 - 24% 

Hg (Il) 0.08 5.5 - 6.5 Biological 

As (III) (V) 0.70 3.5 - 7.5 Biological 

Se (IV) (VI) 0.02 3.5 - 7.5 Biological 

Methylat ion of tri.methyl lead ace ta te to tetramethyl lead 
increased with increasing pH and proceeded through both biological 
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and chemi.cal mechanisms. However, the methylation of organolead 
(II) compounds was biologically med iated and was e nhanced at the 
Lower pH range of 3.5 to 5.5. The formation of methyl mercury from 
mercuric chloride occurred only in the pH range of 5. S to 6. 'i. 
Dimethyl mercury was not detected in these studies. Arsenic methy
lation occurred over the entire pH range studied, but levels of 
methylated compounds were enhanced below pH S. S. Law ·1evels of 
methylated selenium compounds were detected at pH 3. 5 and increas
ing pH general ly favoured the me thylat ion of selenium compounds in 
sediment. 

1 Other Participants: M. Baker (University of Waterloo}; 

Y.K. Chau (National Water Research Institute) 

(2) lfercury 1eve1s in exploited fish populations. 
. . -1 

Project Leader - Dr. A.J. Ninni 

Mercury levels in white sucker, walleye, northern pike, and yellow 
perch, are being monitored in conjunction with a fisheries manage
ment project being conducted by the Freshwate r lnstitute on a 
se ries of lakes near Winnipeg, Manitoba. Fish are be ing selec
tively harvested from four lakes whose populations have not been 
previously exploited. Zero, 10, 25 and 50 percent of the blomass 
has been removed. Initial estimates of mercury levels in the top 
predators range from 0.1 to 0.1 mg kg- 1 , and concentrations are 
dependent on fish size. It is suggested that these concentrations 
represent a natural environment where mercury is present at 
slightly above background levels, but not sufficiently high to 
obscure any moderate changes. Mercury levels and the structure and 
biomass of the fish community will bath be monitored in the future 
in order to ascertain if a correlation ex:ists between these two 
parameters. 

Other Participants: s. Campbell (Freshwate r rnstitute, 

Winn .ipeg ) 

( 3) Lead accumulation by fish exposed to fluctuating concentra
tions of waterborne lead. Project Leader - Dr. P.V. Hodson. 
Technician - B.R. Blunt 1 

Lead accumulation by rainbow Lrout (Salmo gairdneri) un<l ,_•r condi.
tions of constant exposure wa s eompared to accurnul :'lt ton under 
conditions of fluctuating exposure rno r e typi ca l of natur.::11. e nviron
ments. The overall geornetri. c rneans of exposure c.oncen l ra tions were 
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equivalent between constant and fluctuating regimes. However, in 
the fluctuating regime the standard deviations of exposure concen
trations were increased in a controlled, predetermined fashion. 
Lead accumulation in the blood of rainbow trout increased with the 
geometric mean exposure concentration, as expected (Fig. 14). As 
well, accumulation increased with the variance of the exposure, as 
expressed by the coefficient of variability (the standard deviation 
as a percentage of the iœan). Therefore, the probability of fish 
accumulating a toxic dose of lead will increase as the variability 
of exposure increases, ever. if the average exposure remains con
stant. These results indicate that simple arithmetic or geometric 
means are not adequate for assessing the exposure of aquatic biota 
to waterborne contaminants. 

1 Other Participants: s. McGaw 

(4) surveg of the lead contamination of Lake Ontario Fish. 
Project Leader - Dr. P.v. Hodson 

Blood lead concentrations and the activity of an erythrocyte 
enzyme, 6-amino levulinic acid dehydratase (ALA-D), of Great Lakes 
fish viere iœasured between 1979 and 1981, to describe lake-side 
patterns of lead contamination. These analyses showed that: 

(a) Lead contamination of fish was widespread but rarely were 
concentrations high (Tables 13, 14, and 15). 

(b) Fish in the vicinity of an industrial point source near 
Mai tland, on the St. Lawrence River, were very heavily 
contaminated (Table 15). 

(c) Offshore and/or predatory species (e.g., lake trout, pike, 
bass, salmon) generally had very low blood concentrations 
in contrast to benthic omnivores (e.g., carp, sucker) 
(Tables 13 and 14). 

(d) Fish migrations may confound site to site comparisons of 
lead concentrations. 

(e) The ALA-D technique appeared suitable for assessing the 
lead exposure of most of the species tested. 

( f ) Blood lead concentrations provided a very clear indica
tion of the dis tri buti.on of lead wi thin Lake Ontario fish 
populations. 
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Fig. 14 The effect of increasiog variabi.. li ty of lead exposure on 
the blood lead concentration of rainbow trout. 
Variability is expressed as the coeffi..ci..ent of vari..ati..on 
(c = standard deviation x l00 ) 

mean 
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TABLE 13. Geometric neans (and sam.ple sizes) of blood lead 
concentrations (µg 1-1 ) in fish from. Lake Ontario 
harbours 

Species 

~elagic or Predatory 

Coho Salmon 

Wal leye 

White Perch 

White Perch 

Bluegi 11s 

Benthic Feeders 

Carp 

Carp 

Carp/Goldfish Hybrid 

White Sucker 

Go ldflsh 

Brown Bullhead 

Brnwn Bullhe ad 

Channel Catfish 

Gizurd Shad 

a = T0ronto. 
b, i: = Port Hope. 
d Main Duck lsland. 

Year 

1978 

1980 

1979 

1980 

1979 

1979 

1980 

1980 

1980 

1980 

1979 

1980 

1979 

1980 

Hamilton 

63(3) 

45(16) 

36(5) ;94(3) 

51(116) 

13(5) 

121(15); 125(4) 

127(152) 

179(10) 

79(84) 

52(11) 

53(35) 

71 (6) 

110(18) 

Other 

76(40)8:116(5)b 

219(3)C:226(6)d 

289(16)e 

,.! Pond on the Lesl le Stree t Spi t contaminated wi th Toronto 
Harbour d r edge spoils. 
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TABLE 14. Geometric means {and sample sizes) of blood lead 
concentrations {µg 1-1) in fish froa Lake Ontario 

--------
Port Port 

Species Year Hamilton Credit Hope Cobourg Other 
-------------------------------

Pelagic Feeders 

*Rainbow Trout 1980 

Brown Trout 1980 

Coho Salmon 1978 100(7) 

Coho Salmon 1979 

Coho Salmon 1980 

Lake Trout 1978 53(8) 

Lake Trout 1979 

Lake Trout 1980 12(20) 

Benthic Feeders 

White Sucker 1980 

* Blood lead concentrations 
laboratory studies range from 

a= Point Traverse 
b = Main Duck Island. 
c = Vineland. 
d = Toronto. 

28(21) 

4 7(7) 

55(20) 

33(56) 

92(15) 20(10) 

18(34) 9(11) 

259(4) 

of control rainbow 
10 to 300 µg 1-l, 

67(17)a: 19(20)b 

19(19)b 

60(1S)C:235(30)d 

trout in 
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TABLE 15. Geometric means (and sample sizes) of blood lead concen
trations in fish from the St. Lawrence River 

Species 

Pike 

Carp 

White Sucke r 

Year 

1980 
1981 

1980 
1981 

1980 
1981 

Brockville 

291(1) 

175(9) 

35(4) 

Maitland 

399(17) 
311(8) 

5500(1) 
4864(25) 

456(32) 
694(18) 

Johnstown 

10(1) 

1558(3) 

444(12) 

The results demonstrate a need to monitor lead concentrations 
in benthic fish near point sources and the effects of chronic lead 
exposure on benthic fish at the most contaminated sites. 

Difficulties were found in applying the ALA-D technique to 
some non-salmonid species due to migration (i.e., lead exposure may 
be quite variable within a sample of fish), biochemical charac
teristics unique to each species, and accumulation of different 
forms of lead. This enzyme responds to inorganic lead, and organic 
forms (e.g., alkyl leads) may cause high blood lead concentrations 
without correspondi.ng enzyme inhibition. If this is true, then 
there would be three diagnostic patterns: (a) high ALA-D activity, 
low blood lead = unexposed fish; (b) low ALA-D activity, high blood 
l e ad = fish exposed to inorganic lead; (c) high ALA-D act ivi ty, 
high blood lead = fLsh exposed to organic lead. These possi.bili
L i e s wi lL be eva lua ted in 1982 . 

(5) Conta.mina.nt levels in fish and eggs. Project Leader -
Dr. A..J. Ni imi 

F'ishe ry u:lélnage rs hav e long recogni.zed 
ture ~n<l food supply can influence 
ir i= s e nce of PCB's, DDT, rni.re x and HCB 
viv.-l l rntes. Astu<ly was i n1tiat. ed 

that facto r s such as tempera
stock recrui tmen t, but the 

in biota may also affect sur.
to e xami ne the relationship 

.. , 
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between contaminant levels of fish and their eggs. 
to estimate the probable toxicological effects of 
nants on reproduction. 

The purpose is 
these contami-

Rainbow trout and white sucker were collected from Lake 
Ontario, and white bass, smallmouth bass, and yellow perch were 
taken from Lake Erie during the spawning season. Up to 11 organic 
contaminants, including PCB, DDT, chlordane, dieldrin, HCB, and 
mercury, were iœasured in both fish and their eggs. Levels of PCB 
for rainbow trout, suckers, white bass, smallmouth bass, and yellow 
perch averaged 4.8, 3.4, 2.1, 2.4, and 0.6 mg kg- 1 , respectively. 
DDT levels averaged 1.3, 0.5, 0.2, 0.3, and 0.2 mg kg- 1 for the 
respective species. The results indicated that the percent of 
total resldue transferred from adult to eggs was similar among the 
different contaminants wi thin a species even though concentrations 
varied considerably. Between six and 26 percent of the organic 
contaminants and between O. 3 and 2. 3 percent of the mercury moni
tored in the fish were deposited in the eggs among the five species 
examined. The percent transferred was dependent on the percent of 
total lipid in the fish that was deposited in the eggs. The leve ls 
of PCB monitored in the eggs of rai:1bow trout collected from Lake 
Ontario suggest that egg and fry survival could be affected based < 
on other toxiciology studies. The other contaminants we re not 
sufficiently concentrated to suggest adverse effects. 

(6) Pent;achlorophenol uptake by fish. Project Leader -
Dr. A.J. Nil.mi. Technician - L. Luxon1 

Pentachlorophenol (PCP) is a biocide widely used in North Amedea 
by the wood products industry, and about 9n million kg is produced 
annually. PCP has a solubility of 14 ppm which is i.ncreased to 
4,000 ppm when converted to sodium pentachlorophenate, its most 
common form. Water sampling programs of the Great l.akes indicate 
78 of 85 bulk water samples frorn stream mouths and nearshore areas 
contain levels of 0.005 to 23 µg PCP 1- 1• A study was conducted to 
de termine the uptake of PCP by rainbow t rout from wat e r at leve ls 
that approached environmental concentrations. 

Fish were exposed to waterborne PCP concentrations that aver
aged <10, 35, and 660 ng PCP 1- 1• Resi.due analyses showed that 
f ish exposed to < l () ng 1- 1 ave rage d 2 µg k>C 1 , those exposed to 
35 ng 1- 1 averaged 10 µg kg- 1, whil e those ex posed to 660 ng 1-l 
averaged 160 µg kg- 1 after 115 days exposure. It has bee n sugKes
ted that the Liver is one of Lhe principle organs associ.ated with 
the metabolism of PCP. Analyses of the gal 1 bladdi! r ~nd l iver in 
the exposed fish :lemonstrated that two percent of the total PCP 
found in fish exposed at the < l () ng 1- 1 level occ11r red in the se 
organs; this was increased to 8 and 14 percent of the tr>tal PCP at 
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the two higher exposure levels. This suggests that uptake from ✓ 
· water is an important pathway for PCP accumulation i n fish. 

Further studies are now in progress to examine the importance of 
food as a pathway for PCP uptake. 

Other Participants: C.Y. Cho (Universit y of Guelph); 
C. McFadden. 

(7) Uptake of chlorobenzenes bj rainbow trout. 
Dr. A.J. Nil.mil 

Project Leader -

Subadult rainbow trout were exposed to ten chlorobenzenes in 
water at concentrations near environmental levels (ng/L) for up to 
105 days. The di- and trichlorobenzenes attained equilibrium con
centrations within eight days of exposure, tetrachlorobenzenes 
after 40 days, and pentachlorobenzene afer 70 days. Hexachloroben
zene continued to accumulate over the study period. The bioconcen
t rat i.on factor (BCI<') was found to increase as the degree of chlor
ination on the aromatic ring increased. A high correlation (r = 
0. 986) was found betwe en the BCF and published octanol-water parti
tion coefficient for those substances that had attained equi
li.brium. 

Ten adult rainbow trout were collected from Lake Ontario and 
analyzed for the same substances. The BCFs were then a pp lied to 
fi.eld estimates of chlorobenzenes concentrations in Lake Ontario to 
estimate the accumulation of chlorobenzenes from water. The 
results suggested the di- to tetra-chlorobenzenes are accumulated 
primarily through the water, the pentachlorobenzene is accumulated 
f rom water more than food, and hexachlorobenzene is accumulated 
primarily through the food. 

Othe r Participants: B.G. Oliver (national Water Research 

Institute) 

(8) Organic contaminants as indicators of energy 
ciency. Project leader - Dr. u. B:>rgmann. 
K. Ralph 1 

conversion effi-
Technic ian -

The uptake of radiolabelled hex:achlorobenzene (HCB) and hexachloro
biphenyl (PCP) by Daphnia from both food and water were studied. 
Uptake from water wa s rapid and equilibrium was reached after about 
two days. Add ition of con t amina t ed food (the alga Chlorella) 
rt~s ulted i.n a r::ipid loss of HCB or PCB from the food into the 
wate r, 1naking it imposs i.ble to study contaminant uptake by Daphnia 
fr.om food wi.thout simultaneous uptake from water. Uptake from food 
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and water was not noticeably hig h e r than from wal e r alone , suggesL
ing that the wat e r uptake route pre dominates und e r labo r a tory co n 
ditions. This makes it impossible to us e HCB or PCB uplake as a 
tool in studying energy conversion ef fici. e ncy by Dae_~~ia. 

The uptake of radiolabelled aminoisobuLyric a c i.d (AIB), a 
relatively non-metabolizable amino acid, by Dapni~ from food an<l 
water was also studied to develop a method for estimating e ne r g y 
conversion efficiency. AIB wa s taken up only from food, and once 
taken up was retained unless passed on to offspring. Unfor
tunately, efficiency of uptake from foo d was only ahouL 50 pe r cent. , 
limiting its usefulness in efficie ncy studies. 

1 Other Participants: A • .J. Niimi; M. Schneider 

(9) PCB dynamics in model ecosystems. Project Leader -
Jfr. s. lfillard. Technician - c. Charlton 

Research on PCB dynamics has been conducted in model plankLon eco 
systems (stainless steel columns, he ight 4.5 m, diame t e r. l m, 
volume 3,400 litres) using 14C-lahelled Aroclor 1242 . 
Sedimentation and volatil ization are the most important paLhways 
for PCB transport in our e xp e rime nts. The main factors affecting 
the relative importance of se<l imenta t ion are zooplankton gr;:i;,;ing 
and partitioning between the soluble and particulate phases . 
Partitioning is, in turn, af fected by particle densi ly, surface 
area, and adsorptive properties of the part icles. Turbule nce is 
probably the major factor determining the extent of volatilization. 

Turbulence has increased in our expe rimental syst e ms since o ur 
earlier experiments because of a changeover to pumps capable of 
higher pumping speeds. In a compariso n betwee n pumpi ng speeds in 
two different experiments (low and hig h PCB loadi.ng ), r eco ve ry of 
PCB (water column and s e dimentation) was hi ghes t at the lowe r 
pumping speed, indicating lower volatili.zation l osse s (Tabl e li)). 
Although seston levels were also lower at the hi. ghe r pumping 
speeds, the relative size of the soluble pool was the same and 
therefore si.milar amounts of PCB we re available fo r volati.lization. 

A model describing temporal changes in total PCB co ncen tr a
tions as a functi.on of daily l oa<li.ngs 13nd lasses du e t o s e d i men t a 
tion, wall a ds o rption, and volatili.zation is in the ea rly s tages of 
deve~opment. Sedimentation coeff ici e nts fo r the mod e l w •r-e de r-i.v e <l 
from direct measur- e me nts using traps, whi. le coeffici.enls for- wa l l 
adsor-ption wer-e es timated hy ITX:' il s uring ads o r-pli. o n t o stP' l r lac:es 
suspended in the c o lumns. Adso rption was r- e lati ve l y unimpo rL ant , 
usually accounting fo r l e ss that f i. ve pe r- ce nt of the PCl1 added . 
Volatilization was pr-edi.cted by de t t! rmining th,1 r el;-1tionship 
b etween turbul e nce as quanti.fi c d by the oxygen él hso rpLi o n 
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coefficient (Ko ) and the output of the pumps used to mix the 
epilimnion (Table 17). Ko was easily determined by stripping 
the mixed layer of oxygen ~th sodium sulphite and rœasuring the 
rate of re-oxygenation. Paris et al. (1978) found in beaker 
ex:periments that although volatilization coefficients (Kpcs) and 
Ko were bath affected by turbulence, the ratio Kpcs:Ko

2 
was 

not, being 0.19 to 0.23 for Aroclor 1242. If this relationship 
we re true for the columns, then Kpcs could be determined from 
pump speed and its relationship wi th Ko • Kpcs was measured by 
adding PCB's to columns containing water ~nly, with varying levels 
of turbulence, and fo llowing the decline of the soluble pool. At 
the two highest turbulence levels similar values were obtained for 
this ratio, but this was not the case at the lowest pumping speed 
and for an unmixed column. Further research is planned. 

TABLE 16. Com.parison of PCB retained in epilimnion, sedimented, 
and recovered in colU1D1s wi th pUlllps for vertical mixing 
set at 17 and 32 1 min-1 

Low PCB Loading High PCB Loading 

17 32 17 32 

Total PCB in epilimnion (dpm 1-l) 3506 1902 28962 10940 

Sed imentation ( µCi) 0.40 0.79 2.62 6.97 

Recovery (%) 56.4 41.4 50.6 29.4 

Seston in epillmnion (mg 1- l) 19.2 11. 9 17.2 9.8 

Soluble (% of total = 35.1 34.9 35.3 35.1 
soluble+ particulate) 

A contract on PCB dynamics in benthic food chains and sedi
ments was issued to develop and apply a flow-through system for 
studying PCH flux: from Lake Ontario sediments. At PCB concentra
tions varying from 0.3 to 2.75 ppm (dry wt) in the sediments, there 
•,o1::is no signiflcant difference between concentrations in the rela
Live re l,:!ase rate. Rates declined ex:ponentially at each concentra
tion to an asymptote of 0.08 percent per week. This work is being 
::onti.nueci t o study the effect of organic content on the sediment on 
PC8 re lease. 
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TABLE 17. Effect:s of a llixt:ure of met:als on Ankist:rodesmus 
falcat:us as shown by different: bioassay t:echniques 

Percent Inhibition as Compared with Control 
Percent 

Metal 
Mixture 

10 

50 

100 

1000 

14C-NaHC0 3 
Uptake 

0 

10 

30 

ND 

ND= not determined. 

B. Cont:an.inant: Effect:s 

Batch 
Culture 

3 

25 

42 

ND 

Chemostat 
Culture 

0 

24 

58 

ND 

Turbidostat 
Culture 

ND 

21 

35 

67 

( 1) Comparison of al.gal. bioassay techniques in toxicity studies. 
Project Leader - Dr. P.T.S. Worq 1 

Five techniques were used to study the effects of a metal mixture 
on freshwater green alga, Ankistrodesmus falcatus. Three tech
niques involved batch culture and the remaining two were continuous 
culture. The first was the conventional 14C-NaHC0 3 technique in 
which algae were exposed to the metal mixture for various lengths 
of time and the effects detennined by the amount of 14C-NaHC0 3 
taken up by the cells after a four-hour incubation. The second 
technique involved exposing the cells to a toxicant in a flask. At 
various intervals, small volumes of the medium were wi.thdrawn and 
effects measured by cell counts under the microscope. ln the third 
technique, a side-arm flask was used for the bi.oassay. The effect 
of metal mixtures on algal growth was conveniently moni tored by 
inserting the side-arm flask into a Klett-Sumrnerson colorimete r and 
recording the changes in optical density. The conti.nuous culturing 
techniques involved a turbidostat and a chemostat. In the turbido
stat (Fig. 15), a constant ;ind predetermined number of cells were 
exposed to the metal mixture by an automated algal cultivati.on co n
troller (Acc-5, Techtum Instrument). When cel l numbers exceeded a 
predetermined value, their turbidity activ;ited a photocell to open 
a valve and r elease fresh iredi.um from a reservoir to a cul tur,~ 
vessel to dilute the cells. The chemostat (Fig. 16) i nvolved a 
constant supply of rœdium and m~tal mixture to a growlh charnber. 
The effect of the toxicant on the gco wth kinet les of the ;ilga was 
detennined by cell counts. 
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The results from these five techniques all indicated the toxic 
effects of the iœtal mixture on the green alga (Table 17). 

1 Other Participants: D. Patel 

(2) llfetal complexation arrl toxicity to invertebrates. Project 
Leader - Dr. u. Bargmann. Technician - K. Ralph 

The toxicity of iœtals to aquatic biota is generally believed to be 
due largely, or entirely, to free metal ions. Metal-ligand com
plexes of both strong (e .g., EDTA) and weak (e .g., ami no acid) 
complexing agents are usually non-toxic. Table 18 and Figure 17 
show the effects of additions of EDTA and amino acids on the toxi
city of copper to the rotifer Keratella cochlearis in Burlington 
Canal water. Strong complexing agents reduce iœtal toxicity in 
direct proportion to their concentration, since free metal ion con
centrations do not approach toxic levels until total metal concen
trations exceed total ligand concentrations. However, the concen
tration of weak complexing agents must exceed the total iœtal 
concentration before a significant proportion of the metal is com
plexed, and hence reduction in toxicity by weak ligands is a 
function of both the concentration and strength of the complexing 
agent. The a-amino acids are generally stronger complexing agents 
than the e-amino acids and this is reflected in their greater 
abllity to reduce copper toxicity (Table 18). 

TABLE 18. Copper concentration reduciog rotifer numbers in 
24 hours by 50 percent (EC50 ), before and after addition 
of EDTA or élllino acide to Burliogton Canal water 

Ligand Added 

None 

EDTA (20 µmol 1- 1) 

Glycine (300 JJIDOl 1- l) 

Glutamlc acid (300 µmol 1- 1) 

e-alanine (1000 JJIDOl 1- 1) 

Current research is on 
determining free iœtal ion 

EC50 

1-1 µg 

85 

1320 

3640 

4680 

346 

Increase in EC 5 o 
µmol 1-l 

19.4 

55.9 

72.3 

4. 1 

the development of techniques for 
concentrations by addition of weak · 
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f i g . l 7 Num be r of live Ke r atella (N) r e lative to control (N') after 24 hours exposure to vacious 
t o t a l c oppe r conce ntrations without (canal wate r) and with added EDTA (20 µmol 1- 1), 
g l yci ne (300 µmol 1- 1), or s-alanine (1000 µmol 1- 1 ) . Verti c al bars indicate ±1 SD . 



64 

complexing agents in bioassays. For ex1:tmple, after addition of 
high concentrations of amino acids (e.g., Table 18), most of the 
copper is complexed to the amino acid, which acts as a metal ion 
buffer, analogous to the pH buffers used to control hydrogen ion 
concentration. If the stability constant for the metal-ligand com
plexes are known, it is possible to calculate free metal concentra
tions toxic to aquatic life and thereby 'calibrate' the bioassay. 
Free copper concentrations calculated from the data in Table 18, 
for example, are about 10-8 • 4 mol 1-1 at 50 percent mortality. 
This equals approximately O. 3 percent of the total copper concen
tration in canal water causing 50 percent mortality before the 
addition of any complexing agents. Similar calculations have sug
gested that free copper concentrations below 10-9 mol 1-l inhibi t 
growth of copepods in Burlington Canal water. Weak complexing 
agents (amino acids) acting as metal ion buffers are responsible 
for the lower slope of toxicity curves (Fig. 17) relative to the 
toxicity curve after addition of EDTA, which has a low buffering 
capacity. 

( 3) Zooplankton product;ion model. Project; Leader -
Dr. u. lbrgmann 

A mathematical model has been developed for analyzing animal pro
duction in pelagic ecosystems. The model relies on a definition of 
conversion efficiency based on organism size rather than trophic 
level. Particle size conversion efficiency is defined as: 

where K1 is the conventional conversion efficiency and Wj /Wi is 
the predator size divided by prey size. A review of the available 
literature suggests that the particle size conversion efficiency is 
at least as constant as conversion efficiency (i.e., K1) from one 
trop hic level to the next. This is probably partially due to the 
greater energy expended in collecting smaller prey items, as com
pared to larger prey. By assuming a constant particle size conver
sion efficiency, some of the mathematical problems encountered in 
mode l ling complex pelagic ecosys tems can be avo ided. Zooplankton 
production can then be related directly to potential fish produc
tion, for any given size of fish. The model has been used to 
examine microzooplankton production in the Burlington Canal. 
Because mlcrozooplankton include both herbivores and carnivores, 
production of the entire microzooplankton community in our experi
ments could not have been analyzed in any other way. 
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Blood parameters in fish as an indicator of physiological 
stress. Project Leader - Dr. A.J. Niimi 1 

The use of haematological iœasurements as a diagnos t i.e proce ciurP. 
has been widely used in mammalian studies. The paramete rs most 
commonly monitored include haematocrit levels, haemoglobin content, 
red and white blood cell counts, or different cell ratios over the 
20-minute period. The results suggest that measurements of haema
tocrit and possibly haemoglobin in fish co llected from the fi. e ld 
may not always be representative of the physiological status of the 
fish; these parameters may be influenced by capture and sampling 
stress. 

The results indicated that haematocrit values of fish anes
thetized with tricaine methanesulfonate (MS-222) and sampled afte r 
fi.ve to twenty minutes were significantly higher than those of fish 
sampled withi.n one minute of capture and anesthesia. No diffe re n
ces were observed among haemoglobin content, red and white blood 
cell counts, or differential cell ratios over the 20-minut e 
period. The resul ts suggest that rœasurements of haematocri t and 
possibly haemoglobin i n fish collected from the fi.eld may no t 
always be representative of the physiological status of the fish; 
these parameters may be influenced by capture and sampling stress. 

Other Pa rtic ipants: L . Lowe - J i nde (Un ivers.i ty of Guelph ) 

(5) Quantitative structure activity relationships (QSARJ. Project 
Leader - Dr. P.V. Hodson. Technician - B. Blunt 

This project was undertaken to determi.ne whether QSAR' s can be us e d 
to predict chemi.cal hazards to fish. The approach is to develop 
QSAR's based on short-te rm lethality and physiological r e sponses of 
trout to contaminants. These QSAR's will be used to predict 
chronic toxicity as confirmed by trout embryo-larval tests. The 
success of these predictions wil l be the criterion for acce ptance 
or rejection of QSAR as a useful tool. Work wi.th chlorinated ben
zenes and para-substituted phenols in 1981 included: 

(a) developme nt of a fast technique for IP injections of 
trout with contaminants; 

(b) correlations of lethality measured by IP injection, o r a l 
intubation and waterborne e xposure; 

(c) comparison of 
radi.olabelled 
injection; 

the uptake and 
compounds after 

distribution of 
oral intubation 

selected 
and [P 

;/ 
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(d) measurement of the physiological responses to injected 
para-substituted phenols; and 

(e) initiation of two embryo-larval toxicity tests (phenol 
and 1,2,4-trichlorobenzene). 

IP LD 50 's were linearly correlated to oral LD 50 's (correlation 
coefficient (r = O. 99), but the correlation to waterborne LC 50 's 
was non-linear (r = O. 98), probably due to variations in uptake 
kinetics during waterborne exposure. IP LDso's were not identical 
to oral LD 50 's because the uptake studies showed that blood concen
trations of injected contaminants achieved a higher concentration 
in less time than ingested contaminants. The net result was a 
higher dose delivered to the site of toxic action, and an apparent 
greater toxicity of injected compared to ingested contaminant. 

1 Other Participants: D.G. Dixon (University of WaterlQo), 
K.L.E. Kaiser (National Water Research Institute); E.J. Kempe; 
s. Muaqer; M. Comba (National Water Research Institute) 

(6) Oëher sëudies in fish ëoxiciëy. Projecë Leader -
Dr. P.v. Hodson. Technician - B. Blunë1 

The chronic toxicity to fish of tetraethyllead was measured by an 
embryo-larval-fry bioassay with rainbow trout. No effect on eggs 
or newly hatched sac fry were observed at nominal concentrations of 
1. 0 µg 1-1 or less, but du ring four weeks of feeding, growth was 
significantly reduced at 0.45 and 1.0 µg 1-1 • 

A study with Dr. J. Hilton, University of Guelph, evaluated 
the toxicity to trout of dietary contaminants contained in Great 
Lakes fishes. Adult migrating coho salmon were collected in 1980 
from Lake Ontario (gutted and whole), Lake Michigan (gutted), and 
the Pacifie Ocean (whole) and rendered into fish meal that was used 
for diets equivalent in protein, fat, calories, moisture, and 
micro-nutrients. A standard equivalent laboratory diet was used as 
a control and all diets were analyzed for organochlorine contami
nants. These diets were fed to juvenile rainbow trout starting at 
1.0 g, at the University of Guelph. After 16 weeks, there was no 
obvious treatment effects on haematology, growth, and liver somatic 
index, but ascorbic acid levels were depressed in all fish rœal 
diets. 

A contract was issued to Dr. T. Chen, McMaster University, to: 

(a) refine a technique for measuring vitellogenesis and gene 
expression in trout liver, and 
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(b) use this technique to evaluate the relative to,cicity of 
compounds that induce mixed function oxidase activity 
(MFO), inhibit MFO activity, have no MFO effects, or are 
hepatotoxins. 

1 Other Partic ipa nts: J. Hil t o n ( Un iversity of Guelph) 

C. Other Studies 

( 1) Erterrled winter navigation on the Great Lakes. Project 
Leader - Dr. A.J. Nii.mi 

Canada and the United States must decide in the near futur e if 
shipping on the Great Lakes - St. Lawrence Se away (GL-SLS) system 
is to be operated at capacity, or the system be upgrad e d to accom
modate projected increases. Sections of the GL-SLS could approach 
operating capacity in the mid-1980's, and options to i.ncrease its 
capacity include extending the present 8½-month shipping season to 
11 to 12 months, or upgrading facilities to accommodate larger 
vessels. The U.S. Army Corps of Engineers have examined this issue 
in depth, and have concluded that lt is technical ly and economi
cally feasible to extend the shipping season, and possibly increase 
the capacity. 

The economic and environme ntal issues of the Corps analyse s 
were examined from a Canadian pe rspective. Total cost o f the pro
posed improvement was difficult to estimate because many of the 
positive and negative benefits of the economic and e nvironme nta l 
issues were not clearly identi fi.ed. It was es tablishe d that mo s t 
of the capital i rnprove ments on facilities tha l woul d be r equi.red 
are those located in Canada, and most o f the e nvironme nta l ly s e nsi 
tive areas, such as shore lines and wetlands, are l ocated i n 
Canadian waters. In vi e w of this, it was sugge st e d that the cost
-sharing arrangement of the project proposed by the Co rps may not 
be enti.rely suitable, but additional i.nfonnati.on would be r equire d 
by bath countries to make an equitable decis io n. 

/ 
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ECOSYSTEMS 

Program Leader - Dr. R.L. Thomas (Temporary) 

INTRODUCTION 

The Ecosystems program of GLFRB was originally implemented as a 
field orientated investigation to assess the interactions of fresh
water ecosystems with those limnological conditions wh.ich are 
subject to varying degrees of anthropogenic perturbations. The 
original program was concentrated in oligotrophic Ratchawana Bay in 
Lake Superior, and the hypereutrophic Bay of Quinte in Lake 
Ontario. The Bay of Quinte study is particularly interesting in 
that it is designed to evaluate and analyze shifts in communi ty 
structure, at all trophic levels, which may occur in response to 
declining nutrient loadings resulting from the introduction of ter
tiary sewage treatment at the major towns situated on the Bay. 
Final analysis of a ten-year data base is currently under way and 
will shortly be produced as a composite publication on the lim
nology and ecology of the Bay. 

A major shift in direction of the program was i.mplemented in 
the 1980-1981 season when a program on the ecological effects of 
acid precipitation on sensitive lakes in Ontario was begun. In 
1981/82 this program was formally incorporated into the National 
Long Range Transport of Atmospheric Contaminants Program (LRTAP) of 
the Federal Department of Fisheries and Oceans. Two major com
ponents of LRTAP are involved in the study of regional ef fect s of 
sensitive headwater lakes and of a hydrologically calibrated wate r
shed system, the Turkey Lakes, in the Al goma District north of 
Sault Ste. Marie. The lake inventory program has been extended 
into other eastern regions of Canada and GLFRB has bee n de signate d 
as the responsibility centre for the integrati.on and analysis of 
the data acquired by DFO regional organizat ions. Under a Steering 
Cornmittee, the Turkey Lakes prog rarn has been fully integ rated with 
other agencies of government, both Provincial and Federal. Current 
reports of the results of these studi.es are being utilized in an 
assessment of effec ts on Canadian lakes as a component of the 
ongoing discussions with the U.S.A. concern i ng the es tabli_sh1nent :> f 
a fonnal agreement between the two coun tries wi th r espect to the 
transboundary movement of airborne contaminants. 
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Studies on long range transport of ataospheric pollutants. 
Project Leaders - Dr. J.R.M. Kelso (Sault Ste. Marie) and 
Dr. M.G. Johnson (Owen Sound). Technicians - R.H. Collins 
(S.S.M) and L.R. Culp (O.S.) 

INTRODUCTION 

The phenomenon of atmospheric deposition of contaminants in Canada, 
such as rnineral acids, heavy metals, organics, is an environrnental 
perturbation which urgently requires resolution (Johnson, 1981a). 
Although localized deposition near Sudbury first brought a Canadian 
focus to the problem in the 1950's and 1960's, recent studies indi
cated that aquatic systems which are remote from local influences, 
particularly in Ontario and Quebec, were adversely responding to 
greater atmospheric depositions than those which caused problems in 
Scandinavia. 

GLFRB studies in Long Range Transport of Atmospheric Pollu
tants (LRTAP) are part of the Departrnent of Fisheries and Oceans 
(DFO) National Program and as such are described in the National 
Program Plan for Studies on Acid Rain 1981/82. GLFRB was among the 
first few establishments in DFO to implement a program in LRTAP 
when, in 1979, it began a headwater lak.es survey of habitat and 
biota in central Ontario, in order to provide data for the selec
t ion of a calibrated watershed. This headwater lak.es survey served 
not only to aid in the selection of the Algoma calibrated watershed 
site (jointly operated by DFO, Departrnent of the Environrnent (DOE) 
and the Ontario Ministry of Natural Resources (OMNR)), but also to 
pro vide the base protocol for DFO' s National Inventory Survey, to 
direct research into indicators of fish well-being, and to identify 
those metals and organics causing concern. 

T'NO levels of study are being carried out, (1) extensive 
studies of numerous lakes throughout Ontario, and (2) process 
studies undertaken predominantly in a single watershed in the 
Algoma region of Ontario. 

(1) Extensive Studies 

In Canada, a description has not yet been evolved of fisheries 
and/or habitat which would enable us to describe the status of the 
aquatic resource in relation to regional differences in sensitivity 
and deposition. A survey program was initiated in the Algoma area 
of Ontario in 1979 (Kelso et al., 1981) and was extended to all of 
central Ontario in 1980/81-.- To date, information has been collec
ted from 185 lakes in six areas of Ontario - Atikokan, Nipigon, 
Sault Ste. Marie, Chapleau, Temagami, and Parry Sound. Data for 
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each lake includes morphometric features, watershed descriptions, 
buffer-related chemistry, heavy metal concentrations in water and 
in surficial sediments, as well as phytoplankton and zooplankton 
community assemblages. Many of these lakes show a more extensive 
bicarbonate depletion than was expected (Fig. 18). The mean number 
of total benthic fauna is low in these lakes (Dermott, 1981), and 
there is only a slight reduction in total numbers of invertebrates 
in lakes with low buffering capacity. Poor correlations were found 
between pH and abundance, biomass, or diversity, as the variability 
within lakes of a given pH range was greater than between pH 
categories. Fisheries show symptoms of the se conditions (Kelso, 
1982) and levels of both mercury and lead are greater in fish from / 
lakes of lower pH. 

Although collection of samples was completed in 1980/81, data 
analysis of community structure has only begun for the phytoplank
ton, zooplankton, and benthos. Fish body burdens have been deter
mined only for Algoma lakes. Cores of a set of five lakes (pH 4.5 
to 6.8) have only begun to be analyzed. 

Further to these collections of new data, the lake inventory 
data base of Cl1NR was used to develop an estimate of the number of 
lakes in Ontario which are already acid or which might become acid 
in the future. A methodology was developed whereby lakes were 
sorted by watershed and gamefish community type and their sensi
tivity assessed based on lake pH and conductivity (as a surrogate 
for alkalinity) and on precipitation pH. With appropriate adjust
ments, the inventory data were assumed to be representative of the 
total population of lakes in Ontario. Figures on counts and area 
of lakes by watershed were used to scale up the data. 

A draft report was distributed for review and criticism by DFO 
and OMNR staff. The results (Mions, 1981) indicated that there 
probably are already 1,200 acid lakes in Ontario and approximately 
a further 15,000 might become acid in the future. Analysis by fish 
community indicated that lakes containing lake trout and brook 
trout are most sensitive and this is the fishery source most at 
risk. 

In the fall of 1980, GLFRB initiated a contract to 'Assess the 
Effects of Acid Rain on Recreational Fisheries in Ontario Lakes'. 
The purpose of the work was to develop a model of the acidification 
process so that the acidification rate could be assessed, and also 
to develop a model of fish production and its response to acidifi
cation. An approach to scaling up the results was to follo...., from 
the work of Minos (1981). 
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An acidification model was developed, based on the i.dea that 
alkalinity in a lake-watershed complex could be budge ted. Fi.sh 
production was estimated using Ryder's Morphoedaphic Index, with a 
modification whereby alkalinity was used rather than total dis
solved solids. As alkalini ty declines, so does pote nt i.al yield. 
Based on fish community types, a portion of potential yield was 
assumed to be gamefish and species proportions were also esti
mated. In addition, species pH extinction thresholds were speci
fied. 

The advisory comm.ittee for the contract reviewed the initial 
output and then, along with collcagues in DFO, OMNR, and OME, 
undertook a review and criticism process which led to mode l 
revisions. 

The results i ndicate only modest losses 
future. However, as the consultants point out, 
able uncertainty regarding some parameter inputs 

of lakes in the 
there is consider
to the model. 

Since these modelli.ng efforts (Minns, 1981, contcact with con
sultants) were confined in area and data (an exception being Kelso 
and Minns, 1981), GLFRB instituted a workshop through Environmental 
and Social Systems Analysts to: 

(a) estimate current status of lakes and rivers of eastern 
Canada; 

(b) develop a model to predict the response of fish and thei r 
habitat to atmospheric deposition; and 

(c) to evaluate the DFO's National 1nvento ry Survey Program. 

Presentation of the workshop resul ts to a wide aud i.ence is 
scheduled for early 1982. 

(2) Process Studies 

Since extensive studies fail by thei.r very nature to examine rates 
and mechanisms of response (.Johnson, 19~lb), whole ecosyst em 
studi.es have been i.nstituted by OFO at the Experiment;;il L;;ikes Area 
(Freshwater Institute, Winnipeg), Algoma (joi.n L OFO, DO~, OMN"R), 
Westfield River (DFO), and Kejimkujik (DFO, Canadi.:m Wi.Lrllife 
Service). 

The Turkey Lakes Forested Wat e rshe d 
program among goverrunents and unive rsiti.es, 
of lakes and strearns in the Al goma Di.stri.ct, 

Study, "111 <~xtcn ·;;i..ve 
is cenlred in a ch:.li.n 
Ont r.1 ri 0. The ;i.r:·r~ 'I. i. 8 
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one of sensitive geology and is presently exposed to moderate 
loading by LRTAP. The headwater lakes themselves have reduced pH's 
and support no fish. In flowing waters, the production of 
salmonids (brook trout and lake trout), increases downstream. 

In the streams of the watershed, low standing stocks of fish 
e xist and streams appear to be used seasonally by lake resident 
fish. In the stream macroinvertebrates, standing stocks range from 
low (headwater lake) to high (downstream lake) with apparently good 
species diversity. 

The results of the benthos surveys in the Turkey Lakes, over a 
range of depths in each lake, indicated that, like the Sault 
Ste. Marie Lakes, the re was poor correlation between diversity, or 
abundance, and pH or alkalini ty. There was a sl ight shift in the 
percent composition of the fauna and an incease in Chironomus 
anthracinus at lowe r pH values. The littoral fauna showed no 
change in abundance but di.d show a significant increase in biomass 
with lowe r pH as a r esult of an increase in large species normally 
susceptible to fish pre dation. The anoxie conditions in the upper 
lake of the Turkey Lake s watershed interfaces with the separation 
of pH effects from that of other variables. 

The re is a cons ide rable variation among heavy metal loads to 
the s e lakes (Johnson and Culp, 1982). Sedime nt Enrichment Factors 
(an index of anthropoge nic inputs in relation to natural loads), 
varie d from 0.3 to 10.9 for lead, 0.3 to .1.0 for zinc, 0.4 to 2.6 
for mercury, and 0.7 to 2.2 for cadmium, while no s ignificant 
e nrichme nt was found for c hro,nium, nickel, and copper. 

Fish standi. :1g s t ocks i.~cre ase with increasi.ng downstream alka
linity, and salmoTi.d production inc r e ases. No fish exist in the 
l ow pH he adwat e r lake a nd expe riments ( 1982/83) are designed to 
be tle r defi.ne ha bitat and caus e of this state. Si.nce age class 
s truc t1ir e varie s i.n Lhe s ystem, we are also trying to define these 
cha nges by v;iri.ation in r ec r uitme nt. 

ln addition t o the s e r e sponse-oriented studies in the Turkey 
1,akes , organi. c co ntamina nt s of potential concern are being moni
t ,>r.ed a nd budge t ed i.n two sys t e ms on the Hruce Peninsula. These 
co nt ::1mi. na :1ts are be ing pa rti.tione d within the e cosystern and moni
t o r ed through t i me . 

Re ce ntly , wi.th 0MNR, GLFRB began constructi.ng case hi.staries 
o f l a ke s from hi. s t o r.i cal datil h Ontari.o. Problerns have ari.sen in 
a sse ~s lng Lhe vi.iihi.li.ty of the data and in soi:-ting factors that 
a ppea r Lo lnflue nce nbs e rved c hange s in lake s. 
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Other studies which are at present only in the data analysis 
stage include a spring sampling of lakes and streams draining from 
the Canadian Shield into Lakes Huron and Superior, and a spring 
sampling of a set of sensitive headwater lakes in the Sault 
Ste. Marie District. Although many strearns (10 to 20 percent) show 
little buffering (negative to 20 µeq 1- 1), the pH of all streams, 
except those arising near Sudbury, are generally g reate r than 5.5. 
On the other hand, first order lakes with buffering less than 
25 µeq 1-l showed pH decreases of up to 2.5 units (down t o pH 3.6) 
in the upper 5 m of the water column. Spring pH depressions 
decreased wi th increasing alka lini ty. Du ration of spring depres
sions were less than one month and occur:-ed while lakes were still 
ice-covered. 

Since time for analysis of sarnples is long - up to one year -
results of studies carried out even one to two years aga, are only 
now being received. 

B. Other Studies 

( 1) Project Quinte. Project Leader Mr. C.K. Minns. 
Technicians - w. H9att arrl C. T:immins 

Ecosystems Group, in conjunction with the Ontario Ministry of 
Natural Resources and the Ontario Ministry of the Environment, have 
been conducting a study of the Bay of Quinte ecosystem since 1972. 
The purpose of the project is to study the response of vari.ous 
levels of biota to changes in the nutrie nt loading. Production and 
composition of phytoplankton, zooplankton, benthos, and fish, in 
addition to water quality, have been monitored r egularly every 
year. 

The Bay of Quinte can be divided into two sections, an upper 
shallow area with a mean depth of 3 m, and a lower area with a mean 
depth of 15 m. Four large rivers, the Trent, Moira, Salmon, and 
Napanee, drain into the uppe r Bay. The main point-sources of 
nutrients are at Trenton, Belleville, Napanee, and Picton. The Bay 
of Quinte has always been an important source of f ish production, 
formerly supporting both a large commerci.al fis hery and a healthy 
sport fishery. Nowadays the catches are still high but ~ re domi na 
ted by less desirable species. 

Measurements in the period 1972 to 1977 describe<i the cond
i tians in the Bay prior to the wide-scale implemental ion of phos
phorus removal at the main point-sources. Since 1978, po int-source 
phosphorus inputs have becn approxima te ly 30 percent 0f those in 
the previous period. 
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Analysis of data has shown the strong role of runoff in deter
mining water quality in the Bay. The Bay has a large drainage area 
and there is considerable seasonal and secular variation in run
off. Whereas prior to 1978 the upper Bay was subject to prolonged 
algal blooms, the build-up now takes longer during the summer and 
peak values are reduced. Belleville water filtration plant has 
reported a marked decrease in the frequency of filter clogging 
since 1978. In the lower Bay, changes have been less obvious 
because of the domination of water quality by water flowing in from 
Lake Ontario proper. 

Recent analyses of the zooplankton data indicates a reduction 
in productivity (corresponding to a reduced primary production), 
and changes in the relative importance of some species, suggesting 
a shift to larger individuals. To date there have been no major 
shifts in the benthos. In the earlier part of the study, it was 
found that the population of Pontoporeia affinis was declining in 
the depths of the lower Bay where oxygen levels are greatly reduced 
in the late summer, and it was first thought that this decline was 
leading to extinction. However, it now apears that the 'downtrend' 
was only evidence of variability since subsequent samples have 
shown higher densities. 

The fish community has begun to show some significant changes, 
though it is thought unlikely that these are directly related to 
changes in the water quality. Since 1972, the alewive population 
has undergone large fluctuations, as they do elsewhere and yellow 
perch appear to show a steady increase. Sorne of the more important 
predators have begun to exhibi t upward populations trends. Most 
notable ls the occurrence of a strong walleye year class in 1978. 
This was the largest ever recorded in the Bay and the first of any 
note in many years. The upsvling occurred when the white perch 
population underwent a dramatic decline in the spring of 1978, due 
most likely to a thermal kill, and no increase has been noted since 
then. Walleye will not be firmly re-established until there are 
three or more good year classes in the age-structure. Nineteen 
eighty-two is the first spawning year for the strong 1978 year 
class and hopes are high. 

The project itself is beginning to wind down as the emphasis 
shi.fts to analysis and reporting the results of the study. A pub
lication schedule has been established. When the analysis is at an 
advanced state there will be a cr.itical review of future monitoring 
and rese;:irch requirernents for a fuller understanding of the Bay of 
Quinte ecosystern. 
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(2) Adaptive envirornental assessment - simulation modelli_DJ. 
Project Leader - Dr. c.K. Hinns. Biologist - J.E. lt:Jore 

During 1981, the Great Lakes Fish Commission (GLFC) invited the 
then Great Lakes · Biolimnology Laboratory to participate in an 
evaluation of the application of the Adaptive Environmental Asse ss
ment (AEA) technique to fisheries management problems in the Great 
Lakes. AEA uses modelling workshops as a means of identifying key 
uncertainties and as a means of exarnining the concensus apprecia
tion of the processes controlling systems such as fish communi 
ties. A group of scientists familiar with systems concepts, 
programming, and modelling attended a training course given jointly 
by the Institute of Resource Ecology and ESSA Ltd., on the Univer
sity of British Columbia campus ln Vancouver. Dr. C.K. Minns 
attended for GLBL. Subsequent to the course, a small group, 
including Dr. Minos, were invited to forma core modelling t e am for 
the GLFC to facilitate the holding of modelling workshops on Great 
Lakes problems. The team is drawn from the Ontario Ministry of 
Natural Resources, the Michigan Department of Natural Resources, 
Case Western University, and the Canadian Department of Fisheries 
and Oceans. 

The Board of Technical Experts (of GLFC) decided to proceed 
with a demonstration/training workshop focussed on the interact.lon 
of lake trout rehabi li tation, fishery regulations, and lamprey 
control In October, 1981, a workshop was held at Sault Ste. Marie, 
Michigan, and has proved successful. Subsequently, presentations 
describing the process of AEA and its use in the Great Lakes have 
been gi ven to the Lake Commit tees of GLFC. The GLFC is on the 
verge of recommending further use of the rœthodology for identi
fying planning, management, and research requirements. The process 
will prove very useful in the examination of habitat-related 
problems, e.g., entrainment/impingement, to~icants and contami
nants, etc. 

(3) Lazval fish ecology. Project Leader - Hr. J.K. Leslie. 

Although the aquatic ecosystem of the Bay of Quinte has been exten
sively studied since 1972 when 'Project Quinte' was established, 
only one study (Lam, 1977) dealt with larval fish. Knowl edge of 
the larval fish distribution and abundance would provide important 
data for the formulation of fisheries management policles on the 
important commercial and sport fisheries in the Bay. An abundance 
of species and habitat type (Hurley and Christie, 1977) and an 
extensive data base exists from a decade of contlnuous limnological 
research in the Bay of Quin.te and a site in the area was selecte d 
in 1981 for a study of larval fish e cology. This provide d an 
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oppor-tunity not only to fill gaps in the life history of many of 
the r-esident fish species but also to aid in the identification and 
description of cer-tain Great Lakes larval fish . 

Muscate Bay, at the upper end of the Bay of Quinte, was 
sur-veyed from late April until early 0ctober- and approximately 
200 shoreline samples were obtained from a fine-mesh larval fish 
s e ine, and 450 samples were taken in open water with paired conical 
nets. Mor-e than 45,000 larval and juvenile fish wer-e caught at six 
fix:ed shor-e stations, and approximately half as many were also 
obtained from the open water, or transect, samples. 

Preliminar-y r-esults indicate that species and abundance were 
r e lated to habitat type, and that movement of most shallow water 
species, such as larval white sucker- (Catostomus commersoni) and 
Cyprinidae were confined to the nearshore ar-eas. 

At least 16 specles we re identified in samples obtained from 
l a t e April to raid-June. The fir-st species to appear- wer-e post
l a rvel lake whj tefish (Coregonus clupeaformis), followed in early 
May by yel low ;,er-ch (Perca flavescens), after which white suckers 
appeared. White perch (Morane americana), gizzar-d shad (Dorosoma 
cepedianum), and alewi fe (Alosa pseudoharengus) were also present 
in abundance. 

Yellow perch was the most abundant species in Muscate Bay. 
Postlarval white sucker-s were notably tr-ansitory, as appr-ox:imately 
20,000 wer-e caught in raid-May in two 10 m beach seine tows, while 
at the same site the pr-evious week only 10 wer-e caught, and none 
appeared in the samples taken the following week. 

Shallow, wann water areas border-ed by cattail mar-shes or with 
a n ahundance of submerged and emergent vegetation served as a 
nurser-y and refuge for many species. 

(4) Benthic community structure, western Lake Erie. Project: 
Leader - Mr. R. Dermott: 

This pr-o ject was c omme nce d to analyze the benthic samples collecte d 
contl ruently wlth a whole lake sediment survey carried out in 1979. 
The obj e ctlve was t o assess the r e sponse of the biota to the sedi-
1nent p'ir a me t e rs a nd to de t e rmine if the present status of the 
bo t t om fa una indicate s any cha nge s of water quality in western Lake 
Eri. e . 

A t o tal of 75 Shipek sample s were analyzed unde r- contract for 
irien ti fi.cation to farnily l e ve 1. Identifications of the oligo
c hae t es a nd s tatistica l a nalysis of the da ta wi.11 be completed in 
1_ '-l8 2 . 



79 

The bottom fauna west of the island region was limited to 
nematodes, oligochaetes, Sphaerium, chironomids, and the leech 
Helobdella. The island area and eastward beyond Point Pelee 
possessed a more rich fauna including gastropods, isopods, and 
several ostracod genera, but limited in comparison to that in the 
other Great Lakes at similar depth (10 to 15 m). ln the whole are a 
examined, the chironomids were limi ted to Chironomus, the Tanypo
dinae Procladius and Coelotanypus and a few specirnens of Crypto
chironomus. 

As in the recent study by Veal and Osmond ( 1981), Hexagenia 
was limited to one area to the east of the Detroit River. Lacking 
sufficient inshore samples, the present study can only conclude 
that Maumee Bay and the Raisin River area rernain moderately 
polluted as outlined by Carr and Hiltunen (1965) with oligochaetes 
averaging greater than l,OOO/rn 2• The Detroit River mouth, however, 
showed a slight improvement since 1961, with oligochaetes averaging 
only 850/m2 compared to 7,300/m 2 in the same area sampled in 1961 
by Carr and Hiltunen (1965). 
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