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Abstract. Production of Hexagenia spp. in Lake Winnipeg in
1969 was estimated to be =87, 000 tonnes, about half of which
was produced in the Narrows area of the Lake, which represents
only 20X of the Lake area. Production estimates, assuming no
change in turnover ratio, for the period 1927-30 were calcula-
ted from previously published summer standing crops of Hexage-
nia spp. Comparison of the production estimates for these two
periods suggests that Hexagenia production in the whole Llake
has declined by 28%. The reduction in production was greatest
in the more southerly 2/3rd of the Lake, ie. the area of the
Lake closest to the main urban and agricultural centres. An
apparent increase in Hexagenia production, over the same peri-
od, has occurred in the North Basin, suggesting a progressive
south to north decline in the habitat of the Lake.

Production changes, turnover ratio

The fauna of Lake Winnipeg, the thirteenth largest (in
area) lake in the world (Table 1) has been sporadically investi-
gated over the past 50 years. Bajkov (1930)studied the organism/
substrate relationships of the benthos of the Lake and recor-
ded Hexagenia limbata as accounting for 10% of the fauna in
the "mud-bottom™ areas. Neave (1932, 1933, 1934) carried out
extensive studies of the caddisflies and mayflies over the
period 1927 - 1932, Manitoba provincial government biologists
have been studying the fauna of the Lake since then, and no-
ted a decline in the density of the benthos in the sixties
(J.A. Crowe, personal communication). Flannagan (1979) showed




308 J. F. FLANNAGAN AND D. G. CUBB

a significant decline in the density of Hexagenia in the South
Basin of the Lake and a shift in the relative abundance of H.
limbata and H. rigida since Neave’s (1932) study. He also
established Fhattﬁere were two generationtypes in the Lake for
Hexagenia spp. - a 2 year life cycle in the North Basin and a
14 month alternating with a 22 month life cycle in the South
Basin. Flannagan and Cobb (1981) showed that of three species
of profundal Trichoptera in the Lake in 1969, only two were
present in Neave’s (1933) time: QOecetis inconspicua (Mclach-
lan) had replaced Molanna flavicornis Banks and Phryganea ci-
nerea Walker in the South Basin and was apparently in the pro-
cess of replacing them in the Narrows and North Basin of the
Lake.

These various changes and reductions in the fauna of the

Lake have not been definitely associated with any single cause.
The lake has undergoné considerable change in the past thirty
years including, increased turbidity in the South Basin, decre-
ased turbidity in the North Basin, raised lake water level,

~mercury pollution, increased input of pesticides, nutrients
etc. (Brunskill 1973, Brunskill et al. 1979a, b; Flannagan
1979; Flannagan and Cobb 1981). Any one or all of these changes
could well be involved in the faunal disturbances.

Although, as mentioned above, extensive studies of the
distribution and abundance of the Lake benthos have been car-
ried out, no attempt has been made to estimate the production
of any of the benthic species. The Freshwater Institute survey
of the Lake (Brunskill et al, 1979a, b; Flannagan 1979; Flan-
nagan and Cobb 1981) and the definition of the life cycle of
the two Hexagenia spp. (Flannagan 1979) allows production
estimates of the profundal mayflies to be made., Comparisons
of present day (1969) production with the estimated production
from Neave (1932) were carried out to estimate the change in
production over that period.

In 1969, Hexagenia species accounted for between <1%
(North Basin) and 6% (South Basin), mean 3%, by number, of the
benthos of Lake Winnipeg. However, because of their large
size, compared to other benthic macroinvertebrates, they are,
with the possible exception of Pontoporeia hoyi Smith, the
most important single benthic food item in the diet of the
lake fishes (Neave 1932, 1933, 1934; Bajkov 1930).

METHODS

During the open water season of 1969 three Birge-Ekman
grab samples were taken approximately monthly at up to sixty
sampling stations. In areas where the substrate was too hard
a Ponar grab was used.

Sampling, sorting and handling methods for Hexagenia lim-
bata and H. rigida were as described previously (Flannagan
1979). A total of 1,043 H. limbata and 240 H. rigida nymphs
were measured. A total of 20 nymphs of various sizes of each
species were, in addition,weighed after being surface dried
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Table 1. Selected Rbysical and chemical characteristics of Lake

Winnipeg.

Maximum Length
Maximum Breadth
Surface Area

Mean Depth

Maximum Depth
World Ranking
Water Renewal Time

Secchi Disc
North Basin
South Basin

Dissolved Oxygen

Nutrient Loading
P
N

436 km

111 km
23.750 km®
12.0m

36 m

13th Largest
3.1 yrs

O 5"'.20.6- m
0-1-1 - 0 m

Near saturation throughout the
year at all depths.

5.000 tonnes/yr

62.000 tonnes/yr

* From Brunskill /1973/; Brunskill, Schindler, ElLLiot and
Campbell /1979/; Brunskill et al. /1979, 1980/.

with filter paper and the length/weight relationship calcula-
ted (Ulomskii (1951) showed that this method yielded adequate
results). No significant difference was found between the two
species. The length/weight relationship from (Fig. 1):

1og1®

wet weight (mg)=2.815 log10 length (mm) -1,8335(r=0,9941)

was used to convert the lengths of the remaining mayfly nymphs
to wet weight. These weights, in conjunction with the life hi-
story data from Flannagan (1979) were then used to calculate
production of each species, in each basin, and in the whole
lake using the methed of Winberg et al. (1971):

N, + N

P t o)

= 2

(W, - W

o)

In this method the mean density between sampling times
(N, + N ) is multiplied by the difference in mean biomass over
thé sam period (Wt - Wg). Annual production is the sum of the
production so calculated over the year/

Is should be noted that since only a single summer’s data
was available, it has been assumed that the two or three co-
horts present during that summer were representative of any two
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Fig. 1: Relationship between length and weight of Lake
Winnipeg Hexagenija spp.
years grow.n in the Lake,
In msddition to calculating the production for each spe-

cies, eacun basin and the whole lake, turnover ratios (P/B)
were calculated for Hexagenia spp.

Neave (1932) published mean densities for each species of

Hexagenia and for each basin of the lake for the months of June

and July. Using the difference between his mean densities and
ours for the same months we calculated a production estimate
for Hexagenia spp. for 1927 - 1930 for comparative purposes.

Since this estimate depends largely on there not being
a significant change in turnover ratio between his sampling
years and ours (production = turnover ratio X mean biomass) a
regression analysis between latitude of occurrence of Hexagenia
spp. and turnover ratio was carried out. The resultant regres-
sion line (Fig. 2, turnover ratio = 11.14 - 0,164 latitude)

suggested that there was a significant relationship between
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Fig. 2: Relationship between Latitude of occurrence and
turnover ratio in Hexagenia spp.

latitude and turnover ratio (r = -.735, P €0.05). In addition,
all of the Lake Winnipeg results for the South Basin and Narrows
lie above the regression line perhaps suggesting that Lake Win-
nipeg Hexagenia turnover ratios have not changed.

RESULTS

Annual production for Hexagenia spp. varied from 6331 to
27,326 tonnes per year depending on the species and lake basin
(Table 2). H, limbata contributed more than 2/3 of the mayfly
production of the Lake and was the major contributor in each Ba-
sin. The Narrows, which comprises <20% of the total lake area
contributed almost exactly 50% of the Hexagenia production, whi-
le the eutrophic South Basin produced littfe more than the much
larger, deeper and more oligotrophic North Basin.

The ratio of annual production to mean biomass or Turnover
Ratio (P/B, Table 2) indicates, as might be expected in a two
year life cycle population (Hudson and Swanson 1972), the lowest
turnover ratio occurred in the North Basin. Higher turnover ra-
tios were found for the 14/22 month populations in the Narrows
and South Basin.

Flannagan (1979) showed that considerable reductions in
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Hexagenia spp. standing crop had occurred, especially in the
Soutﬁ Basin, between the present survey and that of Neave (1932).
To investigate how these changes in standing crop would be re-
flected in change of the production of mayflies in the Lake we
assumed that the turnover ratio (P/B) had not changed from 1932
to 1969 and calculated production figures from Neave?®s (1932)
standing crop data (note that Neave’s figures were from June

to July samples only, thus enly our June and July standing crops
were used). The results (Table 3) show an overall reduction of
28% in the production of profundal mayflies in the Lake (= 34,389
tonnes/yr). The only basin of the Lake to show an increase was
the North Basin where conditions, at least in terms of water
transparency and perhaps in chemical load, have improved since
1932, However, Neave (1932) did not sample the N.W. corner of
the North Basin while the present study found quite large popu-
lations of mayflies there. Thus Neave’s biomass figures for the
North Basin may well have been underestimated. Similarly in the
Narrows we sampled a large area, which was not sampled by Neave,
and found few mayflies. Thus, in this case, Neave’s standing
crop figures may have been overestimated. There seems little
doubt, however, that the reductions in production of H. limbata,
in the South Basin, are real.

DISCUSSION

The mean annual production of Hexagenia spp. in Lgke
Winnipeg varied from 1,035 in the North Basin to 10.706 g/m</yr,
in the Narrows. Hudson and Swanson (1972) recorded figures of

10.4 to 16.7 9/m“/yr, in Lewis and Clarke reservoir, in several
different years. Horst and Marzolf (1975& recorded mean annual
production ranging from 2.75 to 6.49 g/m /yr, over several years,
in a Kansas reservoir. Thus production was lower than what might
be expected, in the North Basin, and near or above what might be
expected, in the Narrows. (Note that, as a well established lake,
Lake Winnipeg is likely to have a more consistent annual produc-~
tion, than reservoirs). The low production in the North Basin

is undoubtedly related to its lower mean annual temperature
(Flannagan 1979) and its subsequent effect on the rate of growth

of Hexagenia spp.

Similarly the lower P/B ratio in the North Basin (2.03,
Table 2) is related to the life cycle length (2yr). Mann (1967)
suggested that animals with a two year life cycle snould have a ra-
tio of about 2, while those completing a life cycle in 1 yr
should have a ratio of about 5. Hudson and Swanson (1972) calcu-
lated a turnover ratio of 2.7, and Horst and Marzolf (1975) cal-
culated ratios of 3.48 - 5,38 both with populations of Hexagenia
sp. with life cycles between 1 and 2 yrs, as in the Narrows and
South Basin of Lake Winnipeg, Lake Winnipeg production and turn-
over rates are therefore in the expected range and the huge to-
tal production of mayflies is a direct result of the very large
area and low mean depth of the Lake.

Using the results calculated from the 1969 survey and, as
earlier mentioned, assuming that there was little or no change
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in turnover ratio from Neave®s (1932) time to the present sur-
vey, a comparison of production figures for 1927 - 1930 and
1969 showed an overall reduction of 28%, or almost 35,000 ton-
nes, in the production of Hexagenla spp. in the Lake (Table 3)
All of this reduction occurred in the South Basin and Narrows
and is consistent with changes in the other fauna of the Lake
(Flannagan 1979, Flannagan and Cobb 1981, Flannagar in press),
suggesting a decline or at least a change, spreading from South
Basin northward (ie. the direction of flow in the Lake), in the
suitability of environmental conditions. In the period between
Neaves (1932) sampling and ours there have been major changes
in water level (Flannagan 1979), turbidity (Table 1), increased
nutrient supply (Brunskill, 1973), metal and pesticide load
(Flannagan and Cobb 1981). Since all of these stressors have
occurred over the same time period, it is not possible to iden-
tity a single cause. Any one or any combination of these fac-
tors could well result in a decline of bhenthic animal popula-
tions.

CONCLUSIONS

Lake Winrnipeg produced 187,000 tones of Hexagenia mayflies
in 1969. Of tnis approximately half was produced in the Narrows
which represents only 20% cf the area of the Lake, Significant
decline in mayfly production appears to have occurred in the
last 40 years in the southern 2/3rds of the Lake, and a signi-
ficant increase may have cccurred in the North Basln. An over-
all decline of 28% in the production of Hexagenia mayflies was
calculated for the whole lake. The change in mayfly rroduction
is consistent with other changes in the fauna of the Lake, but
no single cause for these changes can be identified because
a number of major physical and chemical changes have prcoceeded
simultaneously.
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