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ABSTRACT

During the open water season of 1969, three Birge-Ekman or Ponar

grab samples were taken six times at up to fifty-five stations in Lake

!.linnipeg. Eighteen thousand one hundred and nine specimens of Pontoporeia

hoyi Smith and one thousand and forty of Hexagenia limbata (Servi'l'le)

were identifíed from these samples.

!. hoyi was collected in the greatest densitíes in the Namows,

was common in the North Basin and has almost dÍsappeared from the South

Basin. Multi-linear regression ana'lyses of the density distribution of

l. hoyi indicated significant negative correlations with depth, tempera-

ture and water transparency and a significant positive correlation with

percent. sand on a whole lake basis. These four factors together

explained 69.5% of the variatÍon in the density data. A second analysis,

including only data from the two basins, North and Namows, where sus-

taining popu'lations of P. hoyi t^rere considered to exist, showed that a

negative correlation with depth and a positive correlation with percent.

sand could explain 55.3% of l.hoyÍ density variation in these two areas.

Unlike populations Ín other shallow, warm, unstratified water bodies,

the Lake l,,línnipeg population had a 2+ y? ìife cycle. l. hoyi were found

to grow onìy in fall, winter and spring in the North Basin and only in

spring and fall in the llarrows. It is suggested that this cessation of

growth in both basins in the summer, and in the Narrows in the winter,

prevents thÍs population from reaching maturity in one year. Regression

anaìyses of l+ yr and 2+ yy life cycle popuìations of Pontoporeia spp.

from various localities in the Nortirern Hemisphere, indicated that a good
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correlation exists between their turnover ratio and the latitude of the

water body where they were found.

Annual whole 'lake production, using the instantaneous growth method,

was estimated at 67,015 tonnes of P. hoyi and 66,972 tonnes of H. limbata.

These two species, which utilise similar food resources and which between

them represent over 36%, by number, of the macrobenthos of the lake

apparentìy coexist by dividing the resources of the lake temporal]y and

physically: !. hoyi producing most of its biomass in the colder parts

of the year in the llorth Basin and most of the Narrows; H. limbata

growing only in summer and distributed throughout the South Basin, in the

shal'lower parts of the Narrows, and in a very restricted area of the

North Basin.
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INTRODUCTION

The bottom fauna of Lake Winnipeg has been investigated sporadically

over the past 50 years. Bajkov (.l930a, b) studied the organism/substrate

relationships of the benthos of the Lake over the period 1927, '28

and'29 and showed that the dominant benthic animals on the "mud- bottom"

areas of the Lake (= 85% of the Lake) were Pontoporeia hoyi Smith and

Hexagenia limbata (Serville), accounting for 63% and 10% by numbers

respectively, of the fauna. He specifícally pointed out that animals

were concentrated in some areas and reduced in number or absent in adjacent

areas with apparent'ly identical environmental conditions. 0f particular

interest to the present work was the frequent occurrence of P. hoyi

in the South Basin in 1927-29.

Neave (1932) studied tbe distribution and biology of the profunda'l

mayf'lies (Hexagenia limbata and H. rigida McDunnough) of the Lake, and

Fìannagan (1979) showed that a significant decline in popu'lations of

Hexagenia spp. in the South Basin, and a shift in the relative abundance

of H. limbata and H. rigida in the whole Lake, occurred in the intervening

period. In addition, Flannagan (1979) established that the Hexagenia

spp. had a two year life cyc'le in the North Basin, an aìternating 22/14

month life cycìe in the South Basin, and a mixture of these two life
cycle types in the Narrows.

Similarly, Neave (1933) studied the distribution and biology of

profunda'l Trichoptera in the Lake and Flannagan and Cobb (1981 ) showed

that a third species, not found in Neave's samples, was apparently in

theprocessofrep.lacingtheorigina1twospecies.



in the period between the work of Neave (1932,'33,'34) and Bajkov

(.l930a, b) and the present survey, Manitoba government biologists studied

the benthos of the Lake and noted changes in the fauna, especially in

the South Basin (see Doan (1975) for listings of some of these unpublished

reports). These changes indicated a general deterioration in the habitat

of the South Basin, especia'l]y for the species considered by Bajkov

(.l930b) to be important as fish food items.

Though l. hoyi was considered to be of prime importance in the

diet of the commercial fish of Lake t"finnipeg (Bajkov 1930b), unlike the

other important benthic spec'ies, no attempt has been made to study their

life history, distribution or abundance in the Lake. This thesis will

attempt to fi'l'l this gap by:

l. Investigating the life history, distribution and abundance of

l. hoyi in the Lake and reviewing the published information on these

subjects.

2. lrJill provide, and

limbata, the two most

compare, production estimates for l. hoyi

important benthic fish food sourcesand H.

in the Lake.

3. l^Iil1 compare the production estimates obtained for l. hoyi

with published production estimates for the genus.

Previous attempts to correlate distribution of Pontoporeia with

environmental varíables have not often been very successfu'l (Marzolf 1963,

Dermott 1978). The obvious concentration of animals a'long the north and

east shores of the Lake (i.e. ìargely, but not entire'ly, the areas of

Precambrian shield shoreline) suggested that a correlation with environ-

mental parameters exists.



Thus the fourth objective of this thesis is

the distribution of P. hoyi in the Lake w'ith the

measured by other participants in the survey.

to attempt to correlate

environmental variabl es



THE LAKE

Lake Winnipeg, maximum length 436 km, maximum breadth lll km,

t
area 23,750 km', is the l3th largest lake in the world and the 7th

largest in North America (Hutchinson 1957). The Lake has a maximum

depth of 36 m and mean depth of l2 m (Brunskill et al. l9B0). The

small mean depth combined with the large surface area allows almost

continuous wind mixing of the water column and the surface sediments.

This, together with the high sediment load from some of the rivers,resuìts

in high turbidity (Secchi disc: 0.5-3 m in the North Basin,0.l-1.0 m

in the South Basin), near saturated dissolved oxygen tensions at all

depths, and little or no temperature or chemical stratification throughout

the Lake (Brunskill et al. 1980). Local horizontal gradients of physicaì

and/or chemicaj parameters may occur, however, as thê" result of lake

morphometry and orientation of major rivers inflows (Brunskill et al.

re80).

The Lake, which is a relict of a glacial Lake Agassiz, is situated

between latÍtudes 50" 24' N and 53" 22' N on the boundary of the igneous

rock, and genera'lìy acid'soíls, of the Precambrian Shield and the sedi-

mentary rock and overlying glacial Lake Agassiz sediments of the Manitoba

Prairie. Thus rivers entering the Lake from the east tend to have low

concentrations of inorganic salts, though they may be relatively high

in dissolved and suspended humic materials, while rivers entering from

the south, west and north are high in both suspended and dissolved solids

(Brunskill, Schindler et al. 1979). Brunskill et al. (1980) estimated

that 9,030 tonnes of phosphorus and 
.l00,540 

tonnes of nitrogen were

added to the Lake in 1969 from all sources, and that by the year 2,000 A.D.
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the input of phosphorus and nitrogen would increase 628% and 317%,

respectively. Primary production, at least in the South Basin,appears

to be limited by turbidity rather than nutrients (Brunskill 1973, BrunskiTl,

Schíndler et al. 1979). Exceptions may occur in the inlets and bays

off the mouths of the soft water streams and, on caìm days extensive

blooms of Aphanizomenon flos-aquae Raffs and Anabaena spp. have been

recorded in the upper 0.5-1.0 m of the open water column (Bajkov 1934;

Brunski I I , Schi ndl er et al . 1979) .

The Lake, though apparently aìways turbid, has been changed con-

siderably sÍnce the drainage basin was first farmed by the "Selkirk

settlers" in 1820. The several hydro-electric dams on the Saskatchewan

River, both in Saskatchewan and Manitoba, have drastical]y reduced the

load of silt and nutrients carried by this, the largest inflow to the

North Basin, resulting in an apparent increase in transparency in the

llorth Basin from Bajkov's (.l930a) time. In contrast, the South Basin

appears to have suffered an increase in turbidity over the same period

(Brunskill et al. .l980, 
Flannagan and Cobb in press).

Similarly, mercury, pesticides and industrial and domestic sev{age

effluents have all 'like'ly increased significantly since the last major

survey of the Lake (Brunskill et al. 1980).

The above changes in Lake l^linnipeg, the ìong interva'l since the

Neave (1932, 1933, 1934) and Bajkov (1930a) survey of the Lake and the

importance of the commercial fish catch from the Lake (over 10% of the total

com'nercial freshwater fish in Canada = 5,000 tonnes/yr (D.M. Cauvin,

personal conununication))pronrpted a limnological sur.vey by staff of
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the Freshwater Institute.

Detaiied physical and chemical results of this survey are pre-

sented in Brunskill (1972), Brunskill et al. (1979), Brunskill and

Graham (1979), Brunskill, Schindler et al. (1979) and Brunskill et al.

(re8o).
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MATERIALS AND METHODS

During the open water season of .1969, three tall'Birge-Ekman

grab samples were taken, approximately monthìy, at up to 55 stations

(Fig. l, see Brunskill et al. 1979 for exact locations of stations).

In addition, benthic samp'les v'Jere taken at various stations from under

the ice during the winter of 1969/70. Since none of these grabs contained

specimens of P. hoyi they are not further mentioned here. In areas

where'the substrate was too hard, a Ponar grab (Powers and Robertson

1967) was used" F'lannagan (1970) showed that the tall Birge-Ekman grab

was the most efficient grab, in soft mud, of twelve samp'lers tested,

and that the Ponar grab was the best multipurpose grab. The Birge-

Ekman and Ponar grabs samp'l ed 225 and 528 .r2, 
".rp.ctive'ly, 

of the sub-

strate. All summer samples were taken from the Canadian government

ship 'Bradbury'. Since the Bradbury draws 1.8m, shallow areas of the

Lake could not be sampled. In addition, the other duties of the crew

of the ship, such as laying and retrieval of navigation aids, limited

the amount of time available for benthic and other sampling, especially

during the first and last cruises.

Samp'les v'Jere sieved, irnmediately, through a 0.2 mm nylon mesh screen,

'labelled, preserved in 10% formalin, and later all of the macrobenthos was

sorted and counted using the'low power of a dissecting m'icroscope.

Eighteen thousand one hundred and nine P. hoyi and one thousand

and forty H. limbata were identified from these samp'les. Their

total body ìength v',as measured as the distance from the front of the head

to the'base of the telson, in the case of P. hoyi, and between the front

of the frontal process and the base of the cerci of the H. limbata.
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Fifty well preserved specimens of each species, including representatives

from all three basins, from both sexes,and from different times during

the summer, were surface dried with fi'lter paper and weighed to the

nearest 0.0ì mg. Ulomskii (1951) showed that length/weight re]ationships

derived using this method were valid. The length/weight relationships

were (Fígs. 2, 3); -

a)

b)

P. hoyi

logl0 wet weight (mg)

H. limbata

loglO wet weight (mg)

= z.3b6o rosro rensrht;=å.3BET

= 2.815 'ros.,o ìength 
¡.hl||il

Biomass, production estimates and turnover ratios were then cal-

culated using weights derived from these regressions in the instantaneous

growth method outlined by Chapman (1968). This method uses the formula: -

P=GE-

l¡lhere p = production, G = instantaneous gro!{th rate

and E = mean biomass in ng/n?.

The instantaneous growth rate, Gr(=G), was calculated between

sampling intervals, as the natural log of the mean weight at the end of

the perioA ('a,i) minus the natural ]og of the mean weight at the start of

the period (wo) divided by the number of days in the period (na) i.e.

G*=lnw;-tn

at

The production/day for each period was then calculated and summed over

*o
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the duration of the animals'life cycles to give an estimate of total life
cycle production.

Both of these anirnals have life cycles extending over more than

one year and since the size classes were distinct, it was possible to

follow them through the whole ìife cyc'le although on'ly one season's

samples were available. This assumes that the year classes found during

this survey are representative of the growth of any one generation in

the lake. In addition, G* for !. hoyi was p'lotted over its life-cycle

in each basin as a comparison of relative rates of growth throughout

the year, and between basins. Turnover ratios were calculated for each

basin to provide a basis for comparing the productivity of P. hoyi both

within the basins of the Lake and with estimates from elsewhere.

In all of the production estimates in both species,mean numbers

were calculated on a whole basin basis by using results from all samp'les

whether or not they contained the anima'ls under study. This allowed direct

conversion to basin production.

Since the horizontal distribution of P. hoyi in the Lake appeared to

be related to environmental factor(s), and with their published background

of temperature and depth sensitivity, attempts were made, using a Hewlett-

Packard multi-linear regression pack #9830, to relate the density dis-

tribution of !. hoyi to the temperature, depth, conductivity, trans-

parency and substrate data coìlected during this survey by Brunskill

and Graham (1979), Brunskill et al-. (1g7g) and Brunskill, Schindler et al.

(1979). Preliminary ana'lyses of the P. hoyi samples indicated that

variances were often larger than means, suggesting a ciumped distribution

(Elliott 1973). The raw data were therefore transformed to mean
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t
(logn number/m'+t) which according to Elliott (1973) makes the variances

homogeneous and thus gives 'truer' vajues of statist'ical significance.

Similarly an arcsin transformatjon was used on the substrate data to

minimise the intercomelations due to proportions (Snedecor and Cochran

1967). The data used in these ana'lyses are listed in Appendix III.
Substrate data were available from only 32 stations, thus the analyses

were limited to these stations. 0n the first analyses, i.e. the whole

Lake analyses n maximum water temperature was found to be the most

important single factor influencing the density of !. hoyi. Since it
was felt that this was largely due to the lack of l. hoyi in the large,

turbid, shallow, warm South Basin, the analysis was rerun with the South

Basin data excluded. Unfortunately, environmental data were not

available for enough stations for Índividua'l analyses of the population

of each basin
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RESULTS

1. Biology of P. hoyi

Considerable variation in l. hoyÍ densitieso both between stations

and between times at any given station, was evident (Fig.4, see also

Appendix II). Maximum densities of l. hoyi recorded during the present

survey u¡ere: The l{orth Basin 8,547/n2, The Narrows 11,243/n2 and The

South Basin 489/n2. 0n average, they represented 36i6 by number of the

macrobenthic fauna of the whole Lake, 39% in the North Basin,70% in the

Narrows and l% in the South Basin. They are, at least in numbers, the

dominant benthic macroinvertebrate spec'ies in the Lake. In the llarrows and

North Basins the P. hoyi depth distribution patterns were slightly

different from each other. In the Namows Basin they were collected

in depths ranging from 3-14 metres while in the North Basin they ranged

over slÍghtly deeper water, 6-17 metres. In both of these Basins, their

maximum densities occurred at 12 metres (Appendix II).
Body 'length measurements (Fig. 5) show three fairly distinct year

classes: Year Class I, consisting of juvenjles and as might be expected,

the year class with the highest numerical abundance; Year Class II
consisting of i.mmature males and females, the females showing sma'll brood

plate buds in September and October, i.e. in the antepenultimate stage

(Bousfield, persona'l communication). No mature males or females were

found in this year class; Year C'lass III, consist'ing exclusively of large,

spent, senescent females, and though not always distinct in Fig. 5, were

easily separable in the samp'les because of their translucent appearance

and lack of oil globules.
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Table '1. t values for differences between mean ìengths of each year
class of P. hoyi in the Narrows and North basin at each
sampl ing time.

YEAR CLASS

I II III

June .13.78** ( 927)1 .10.46** ( 417) t.6g** (10)

E. Ju'ly 22.76** (2868 ) 19 .71** (l 1 29 ) t. 33*'t ('l 8 )

L. July 86.54** (4517 ) e.73** (1224) t.61** (12)

Sept. 12.27** (1936) 6.25** ( 881) U.rt* ( 2)

E. oct. 6.0** (1460) s.88** ( 9.l0) +.16** ( 5)

L. ocr. 5.90** ( 624) 5.92** (516)

I d.g..es of freedom

* difference significant at P<0.05

** at P<0.01
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The relative frequencies of

the llorth and Namows basins as

abundance of the three year classes

a mean of al'l samples together were:

North Basin

Namows

From this table, on average, about 50% survival occurred into the

second year and less than l% survived into year Class III. Assuming, as

before, that the year classes found were representative of any one

generation, survival appears to be better in the warmer Narrows Basin

since percentage survival is higher in year Class II and III.
P'lots of the mean body size for each sampìing time for each year

class (Fig. 6) indicate slightly different growth patterns in each basin,

though each year class achieved similar sizes by the end of "each"

summer. The discrepancy growth apparently occurred as a result of the

North Basin population achieving a'large part of their growth during the

winter (Fig. 7), while the Narrows population achieved all of its growth

during spring and fall. Statistical ana'lyses were not carried out on

these curves because release of the young and the start and finish of each

year c'lass growth curve occurred under the ice in the period not sampled.

Further, the various curves were different shapes which tended to produce

a poor fit to any one model. However, t-tests for differences between

means (Table ì) camied between each pair of points (one from North Basin,

one from I'larrows) in Figure 6 indicated that the differences in growth

between the North Basin and Narrows populations were real. The t values

are smaller in the late summer and fall pairs, suggesting that the size

differences utere decreasing.

Year Class I

163

99

Year Class Ii
65

49

Year Class IIi
I

1
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2. Production estimates

a) l. hoyi

Although three year classes, representing three different

generations were present, the total annual production (assuming similar

year cìass strength in each of the three years) is equal to the total
'life cycle production of any one generation.

Production calculations were not made for the South Basin of the

Lake because it did not appear to have a permanent popu'lation (Fig. 4) The

Narrows (7.37 g/n?/yr, Table 2) was found to be much more productive than

the North Basin (2.34 g/nZ/yr, Table 3).

Since all of the stations samp'led, whether P. hoyi was present or

not, were taken into account in the production calculations, it is possib'le

to estimate the total production for each basin simply by multiplying the

area of the basin Uy tfre production fÍgures obtained: -

Producti on
(s¡nz/yr)

North Basin 2.34

Narrows 7.37

Area
(Krn2 )

I 6,468.8

3,864

Total

Producti on
(tonnes/yr, wet weight)

38, 537

28,478

67,ol5

It is of interest to note that though the area of the North Basin is

4"3 x area of the Namows, the North Basin total production Ís less than

'1.4 times that of the Narrows.

A more detailed examination of the production of the three year

classes (Tables 2, 3) show that in both basins Year class III contrjbuted

little, while year class I contributed considerably more than half the

total production. Year class II,17% of total in the North Basin, 40%

in the Narrows, as rdas indicated earlier in the percent. survival



Table 2. Annual production (P)
instantaneous growth

Mean
Month Densitv

(t/mz)-

Year Class I

June

Early Ju'ly

Late July

September

Early October

Late October

June
Year Class II
Early July

Late Ju'ly

September

Early 0ctober

Late October

June

(wet weight) of P. hoyi ín Narrows of Lake
method, P = GB- (Cñ'aprnan 1968).

Mean Days in
Individual Period
hJeight (mg)

0

I914. 33 .547

1885.85 1.32

1988.68 t.80

't921.67 1 .71

886.97 2.01

1236.17 2.03

1206.04 2.40

I 000. 34 4. 39

1014.22 4.97

848.09 4 .92

774.96 5.I I

522.29 5. 90

27.30 6.36

I nstantaneous
growth
rate (G6)

36

14

41

32

21

222

0.0245

0.0222

-0.00t 3

0.0051

0. 00047

0. 001 6

0.0115

0. 0089

-0. 00025

0. 001 2

0.0068

0. 00034

tlinnipeg usíng the

Mean
Bi omas s
(mg/nz)

Producti on
for Day

523.57

1768.23

3034. 48

3432.84

2534.43

2146.12

3004. 34

3945. 38

471 6. 08

4606.64

4066.32

3520.78

'1627 .57

". "continued

36

14

4l

32

21

222

43.32

67.37

-4.46

12.93

I .009

4.807

45.37

41.97

-1.152

4.880

23.94

0. 553

Producti on
for Period
(mg/nz)

523. 57a )

1 559.58

943.12

-182.97

413.62

2l .ì8
.l067.14

W4--
I 633.39

587.62

-47 .22

156.15

502.77

122.85
2955;56-

f\)
l\)



Table 2. ( conti nued )

Mean

Month Densitv
(t/nz)-

Year Class III
Early Ju'ly 28"14

Late July 6.74

September 5.55

Earìy October 2.64

Late October 2.12

Mean Days in
Individual Period
hle'ight (mg )

8. 09

9.09

8.67

9.83

10. 56

Mean Biomass = 2.19 g/n2

Production = 7.37 glmZlyr

PlE = 3.37

I nstantaneous
growth
rate (G¡)

36

14

41

32

21

0.0067

0. 0083

-0. 001 I

0.0039

0. 0034

Mean
Bi omass
(ng/nz)

Production Product'ion
for Day for Jeriod

n9/n¿

200.64

144.46

54. 69

37.04

24.17

I .34

1.20

-0. 060

0. 144

0.082

a) estimate = 1/2 biomass
(see discussion)

48. 39

16.79

-2.47

4.622

1.726

69:T5E-

B = 21BB.2t

on first appearance

IP = 7369.86

f\)
(^t



Table 3" Annual production (P) (wet weight) of !. hoyi in North basin of Lake t^linnipeg using ¿¡s
instantaneous grotvth method, P = GE- (Chapman .l968).

Monrh ilåilrr"
(t/n2)-

ry^
June

Early July

Late July

September

Early October

Late 0ctober

June

Year Class II
Early Juìy

Late July

September

Early October

Mean Days in f Instantaneous
Individual Period growth
Wejght (mg) rate (G¡)

0

487.53

985. 50

1397 .71

840. 80

891 .53

209.86

98.2

297 .7

612.6

376.62

374.8

.422

1.07

I .39

1.46

I .85

I .80

5.22

5. 57

5. 33

5. 35

5. 54

36

14

41

32

21

222

0.026

0.t87

0. 001 20

0.007 4

-0. 001 3

0.0048

0. 00t I
-0. 0031

0.00009

0. 001 I

-0. 0021

Mean
Bi omass
(mg/m2 )

Producti on
for Day

102.87

630. I I

I 498.65

l5B5.t9

1 438.45

10.l3.54

44s. t8

1077 .04

2453.32

2640.04

2045.66

I 850.45

...continued

36

14

4l

32

21

Producti on
for Period
n9/n2

.l6. 
38

28.0?

1 .90

I 0.64

-1.32

2.137

I .94

-7 .61

0.238

2.25

-3. 89

(ns/

I 02.874 )

589. 78

392. 35

77 .99

340.62

-27 .67

474.38

I 950. 32

69.79

-106.47

9.74

72.01

-81 .60

N)Þ



Table 3. (continued)

Month

Year Class II (continued)

Late October

June 5.9

Year Class III

Early July

Late July

September

Early October

Late October

Mean
Densi tv
(*/mz)-

Mean Days in
I nd i v'i dua I Peri od
llleight (mg)

306.5.l 5.30

5.9 8.74

.8 10.28

3.9 I 0. 83

"9 10.83

4.6 10.83

I .9 9.75

Instantaneous
growth
rate (G6)

Mean Biomass = .g87 s/nZ
Production = 2.34 g/nZ/yr

PlE = 2.37 u) ,.. Table I

222 0. 0023

Mean
Bi omass
(ns/nz)

36

t4

41

0.0045

0. 0037

0

0

-0. 005

Production Product'ion
for Day for Period

ng¡¡2

32

838. 03

21

29. B0

25.23

25.99

29.78

34.17

1.927

0.t35

0.093

0

0

-0.17

427.80

391.?7

4.84

1.307

0

0

-3.57

B = 986.5

2.577

LP = 2344.17 t\)(tr
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calculation, was much weaker in the North Basin. Even if the production of

year class II individuals in the North Basin was raised to the same pro-

portÍon of the total as found in the Narrows, the North Basin would still
be less than half as productive as the Narrows.

b) H. I imbata

Fìannagan (1979) described the distribution,growth and life history

of the H. limbata collected during this survey. In the North Basin he

found two cohorts, representing a 2 yr 'life cyc'le, with emergence

occurring annualìy, in late summer, and eggs hatching the following spring.

In the South Basin he found three cohorts in June, early July, September

and late October and two cohorts in Late July and ear'ly October, in-

dicating alternating 22/14 month life cycles with emergence in early and/

or late summer, synchronous emergence of the two life cycles occurring

every third year. Since H. limbata do not grow in wínter at these

latitudes, the offspríng from the l4 month population, which had emerged

in late summer, grew'lÍttle in its first year and required all of the

next summer plus part of a third summer (22 months) to complete their

development. The offspring from this generation hatched in earìy summer

and were able to complete their growth by ìate in theÍr second summer

(ì4 months). The population in the Narrows was comprised of all three

life history types, emergence occuming more or less continuously through-

out the summer.

The production estimates for the various life hÍstory types of

H. limbata in the North, llarrows and South Basins of the Lake are given in

Tables 4o 5 and 6, respectively. As was the case with P. hoyi, the

Narrows was found to be the most productive area of the Lake, however,



Table 4. Annual production (P) (wet weight) of
using the instantaneous growth method

Month

June

Early July

Late Ju'ly

September

Early October

Late October

June

Early July

Late July

September

Early October

Late October

Mean Biomass =
Production =

PlB =

Mean
Dens i tv
(+/mz)-

0

25..l8

17.91

9.06

4. 63

6.48

3.43

13. 33

12.24

6.64

2.78

8. 33

?.64

.501 glnZ
1.039 g/n2
2.07

Mean Days ìn
Individual Period
t¡lei ght (mg )

't.21

2.65

7.65

12.12

.l8. 
99

27.22

20.49

48.04

68. 58

79.56

I 05. 55

1 28. 53

Xe¡qgenia limbata in North Basin of Lake l^linnipeg
Þffircñapnan 1968).

I nstantaneous
growth
rate (G6)

36

14

41

32

21

222

36

l4

41

32

21

0. 021 I
0.0757

0.0112

0. 0l 41

0. 0t 7l

-0.001 3

0.0236

0. 0255

0. 0036

0.0090

0. 0090

Mean
B'iomass
(mg/mz )

15.23

38. 97

58. 39

62.72

89. 59

I 08.21

I 83.25

430. 57

522.04

338. 62

550. 2l

609.28

mT.T8-

Producti on Producti on
for Day for Period

ng/n2

0. 8495

4.42

0.7025

1.2632

1.8504

-0.2382

10.16

13.3.|

1.219

4.95

5.48

u) ,". Table .|

I 5.234 )

30. 58

6l .88

28.80

40.42

38.86

-52.88

365 .81

I 86. 37

49 .98

I 58.46

lt5.t5

t0æ,36--B f\)\



Table 5. Annual production (P) (wet weight) of
using the instantaneous growth method

Month

ffi
Late 0ctober

June

Ear'ly July

Late July

September

Early 0ctober

Late 0ctober

June

Early July

Late Juìy

September

Earìy 0ctober

Mean Biomass =
Production =

PlE =

Mean
Densi tv
(*/nz)-

Mean Days in
I nd i v'idua I Peri od
Weight (mg)

27.48

I 0.26

9.52

4.04
.l4. 

81

14.81

21.44

27.35

1 5.64

16. 16

I 4.81

18.52

Hexagenia limbata in the Narrowsffioe).

I .36

.78

2.28

6.82

.l9. 
54

26.75

27.06

28.08

43. 39

58. 98

77.05

107.20

I n stantaneous
growth
rate (G¡)

222

36

14

4l

32

21

222

36

l4

41

32

-0. 0025

0.0295

0.0784

0.0257

0.0098

0.0005

0.000t B

0. 0l 20

0. 021 9

0.0065

0.01 03

Mean
Bi omass
(mg/nz)

of Lake l^linnipeg

I8.69

22.68

14.82

24.60

I 58.46

342.78

488. I 7

674.08

723.30

8t 5. 87

1047 .12

'l 563. 23

E 
__TBZ:T

.s83 g/n1
1"7'12 g/n¿/yr
1.74

Producti on
for Day

Producti on
for Period
mg/nZ

- .06

0. 04

I .93

4.07

3.36

0.24

0.12

8. 68

17 .87

6.8

t6. t0

I 8.694 )

-12.59

I 5.90

27 .00

166.97

I 07.50

5.13

26.94

312 "47

250. I 5

279.06

515.24

=-TTTîÆ-

...contÍnûed

IP

1\)
æ



Table 5. (continued)

Month

%
Late 0ctober 75.56

June 17.09

Early July 3.59

Late July 2.69

September 16.67

Early October 16.67

Late October 'l1.48

June 3.40

Early Juìy 5.08

Mean

Densi tv
(*/nz)-

Mean Days in
Individual Period
hlei sht (mg )

4.09

4.56

8.80

12. 53

33. 63

49.82

68. 87

58. 37

I 73. 89

Instantaneous
growth
rate (G6)

Mean Biomass = .SaS g/m?
Production = 

.l.546 glmzlyr
P/E = 2.84

222

36

14

41

32

21

22?

36

0.0006

0. 0l 80

0. 0260

0.0240

0. 0l 20

0. 0l 50

-0. 0007

0. 0300

Mean
Bi omass
(mg/m2 )

I 5t .5ô

I 90. 45

54.76

32"65

297 .16

695. 55

81 0. 56

494.73

540.90

E =EWT

Producti on
for Day

0.114

0. 986

0. 849

7. 13

B. 35

12.16

-0.346

16.23

Producti on
for Period
m9/n2

l5l.50a)

25.36

35.48

11.88

292.41

267.09

255.33

-76.81

584. I I
¡P =1$ffi[/-

...continued
r\)
LO



Table 5. (continued)

Monrh #sfiit*,
(*/nz)-

14 l4onth I i fe cycl e
-,

September

Early 0ctober

Late October

June

Ear'ly July

Late Ju'ly

September

Mean Biomass =
Production =

PlE =

Total production

u) ,..

Mean Days in
Individual Period
l^lei ght (mg )

0

1 1 4.80

I 07.40

27.48

41.02

17.12

6.73

6. 35

I .66

3.67

9.72

46 "66

87.07

.l10.30

1 75. 63

I nstantaneous
growth
rate (G¡)

32

21

222

36

14

41

t
.926 g/n'^

4.130 gln¿/yr
4.46

for Narrows H.
Meãn

Table I

0. 0250

0. 0464

0.0070

0. 0t 75

0. 0l 69

0.0tt4

Mean
Bi omas s
(ms/nz)

Producti on Producti on
for Day for leriod

ng/n2

95.28

292.36

330. 63

I 090. 55

1702.31

lll6.48

928.79

I imbata
Eïõnass

PlY

7 .25

15.34

7 .71

29.79

I8.84

I 0.54

2
7.388 glml/yr
2.453 g/¡z
3. 0l

G)
O

I

,f

95.284 )

231.90

322.09

1712.16

1072.45

263.72

432.24

B = 926.07 IP =4129.84



Table 6. Annual production (P) (wet weight) of Hexagenia limbata in South
using the instantaneous growth method P--68'-Ghaprnan T968).

Mean

Month Densi tv
(*/n2)-

ry
September

tar'ly 0ctober

Late October

June

Early July

Late July

September

Mean Days in
Individual Period
hlei ght (mg )

23.98

19.26

5l .53

7 .41

9. 59

9. 63

8.46

2.98

4.71

I1.84

46.76

54.48

53.25

85. 95

Mean Biomass = .420 g/n2

Production = t.404 gln?lyr
PlE = 3.34

i nstantaneous
growth
rate (G6)

32

21

222

36

14

41

0.01 43

0. 0437

0. 0062

0.0042

-0.001 6

0.0lr7

Basin of Lake l,'linnipeg

Mean
Bi omass
(mg/m2 )

Producti on Productì on
for Day for feriod

n9/n¿

35.73

8t .09

350.42

478.31

434.48

51 7. 63

619.97

t. t6

15.31

2.97

1.82

-0. 83

7.25

35. 734 )

37.11

321 .58

658. 34

65.69

-l I .59

297 .40

E = 419.6.| IP = 1404.26

G)



Table 6" (continued)

Monrh #åålrr,
(+/n2)-

22 Month Life Cycle

Late 0ctober

June

Ear'ly Ju'ly

Late July

September

Early October

Late October

June

Early July

Mean Days in
Individual Period
We'isht (ms )

0

16.t6

6.17

47.05

35.76

42.32

45.92

55.21

3.70

6.97

.87

I .40

2.87

8.95

30. 81

64.26

89.66

127.81

119.21

Instantaneous
growth
rate (G¡)

222

36

t4

4t

32

21

222

36

Mean Biomass = 1.762
Production = 5.126

P/E = 2-91

Total Productíon H.

u) ,." Table t

0.0022

0. 0l 99

0. 081 2

0. 0301

0. 0230

0. 0l 59

0. 001 6

-0. 0020

Mean
Bi omass
(ns/nz)

slm2
ó/^2/v,

limbata South Basin = 6.53
Mean Biomass= 2.136

P/R = 3"06

Production Product'ion
for Day for Period

n9/n2

7 .01

It.33

7l .8'l

227.43

8l 1 .87

2127 .35

3950.48

2711.52

652.07

0.03

I .43

18.47

24.44

48.93

62.81

4.338

-t .304

7.0t a )

5. 53

51.44

258.64

I 002.05

I 565.73

I 3l 9.06

963.12

-46.95

s1!^lw

B l76l.8l IP =5125.63

(,
N)
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H. limbata production (unìike that of P. hoyi) was almost as high in

the South Basin. The production of H. limbata in the'large North

Basin was less than half that of P. hoyi, resulting in an almost identical

total production for the two species on a whole lake basis: -

North Basin

Narrows

South Basin

Producti on
(s¡m2/yr)
.l.039

7. 388

6. 530

Area
(Kmz)

1 6,469

3,864

3,265

Producti on
(tonnes/yr, wet weight)

l7,l l l

29,547

2l ,3'1 3

Total production H. limbata = 66,972

Total production P. hoyi = 67,015

A more detailed examination of the production estimates shows that,

contrary to what might be expected in a species in which life cycìe

'length tends to vary directly with latitude/temperature (Flannagan 1979),

the 22 month ìife cyc'le type was most productive in the South Basin,

and the 14 month'life cycle type was most productive in the Narrows.

These two groups together produced g.2 gn/nz/yr out of a total production

for these two Basins of 13.9 gm/mZ/yr.

In contrast to the above, the basin turnover ratios, 3.06 in the

South (Table 6), 3.0.l in the Namows (Table 5), and 2.07 in the North

Basin (Table 4), follow the expected indirect relationship with latitude/

temperature.

3. Multi-linear regression analyses

The density distribution of P. hoyi in the Lake as a whole was in-

verseìy related to maximum temperature, depth and Secchi disc readinþ,

and positive'ly related to % sand (Table 7a). These four factors
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Table 7. Results of stepwise multi-linear regression analyses between
mean(1n number/nz+l) of P. hoyi and possible environmental
vari abl es .

a ) llhol e Lake (N = 32 )

Factor Muì ti pl e
correl ati on
coefficient (R2)

F (d.f.) P

Max. Temperature 0.365 17.21 (l,30) .00.|

Max. Temperature and Depth 0.586 20.48 (2,29) .001

Max. Temperature; Depth and
Secchi 0.649 17.28 (3,28) .001

Max. Temperature; Depth;
Secchi and % Sand 0.695 15.36 (4,27 ) .OOl

Equation ,
mean (logn number/m'+l) l. hoyt = 58.95 - 2.635 depth -

0.470 max temperature + 0.05 arcsin % sand - 2.22 Secchi

b) North Basin and Narrows (N = 16)

Factor Mul tipl e
correlation o
coefficienr (R') F (d.f.) P

Depth 0.452 11.54(],14) .001

Depth and Sand 0.553 8.04 (2,13) .00.|

Equation e
mean (logn numberfm'+ l) P. hoyi = 12.39 - 0.628 depth +

0.064 arcsin % sand
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together accounted for 69.5% of the variation in the data (Rz=g.695).

Maximum temperature alone explained 36.5% of the variance, and was

therefore, as might be expected ín a cold stenothermic species, the most

reliable sing]e predictor of l. hoyi density. In the equation predictíng

the densities of l. hoyi the coefficient associated with the slope for

maximum temperature (0.470) is smalì, compared with those for depth and

secchi. Thus, though the response in density changes to

differences in maximum temperature is most predictable, the response to

changes in depth and water transparency is of much greater magnitude

In addition, the possible range of depth is much 'larger than the range

of either transparency or maximum temperature in the Lake. Thus depth

Ís likely to be the largest single environmental factor, of those tested,

affecting the density distribution of P. lgyl in the whole Lake.

As mentioned previously, Ít was fe'lt that the possibly anthropogenic

lack of !. hoyi in the shallow, turbid, warm South Basin unduly biased

the ana'lyses. Excluding the South Basin results from the analysis

(Table 7b), excluded both maximum temperature and water transparency

as significant variables. Depth, now wÍth a much tighter fit, exp'lained
t

45% (R'=Q.452) of the variation and % sand another 10%. Further, in the

equation predicting densities of P. hoyi in the North Basin p'lus the

Narrows (Table 7b) the coefficient associated with % sand,0.064, is small

and since the range of % sand is small compared to the range of depth, and

made even smaller by the arcsin transformation, the contribution of %

sand in predicting density of P. hoyi wi'l'l be small.

Thus both on a whole lake basis or just on the basis of the Narrows

and North Basin, P. hoyi appears to prefer shallower water, bearing in
mind the 3-4 m depth limitation of the sampling, and coarser substrates.
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DISCUSSiON

l. Biology of P. hoyi

Although l. hoyi was collected onìy in samp'les taken during the

open water season, (Fig. 5) three distinct year classes were

identified. Year Class III, was composed of senescent females which

gradually died out over the summer. Recrujtment to year class I occurred

on'ly in spring. The life cyc'le ìength of the popuìation is therefore

2+ yrs. and reproduction occurs annually. All other North AmerÍcan

populations of P. hoyi which live in 'warm'water have a one year life
cyc'le, two or more year life cycles being found on'ly in deep, cold water

(Alley '1968, Green 1971, Dadswell 1971, Lubner 1979, Moore 
.l979).

Growth of P. hoyi in the Narrows (Fig. 6) was ]argely restricted to the

spring and fall, with essentially no growth in summer or winter.. In
the North Basin, on the other hand, there was significant growth in

winter, presumabìy because of the higher winter bottom temperatures in

this Basin, but there was still no growth in summer. Each year class

had, by fall, achieved about the same mean size. Brunskill et al. (1979)

showed that in the South Basin and Narrows surface and bottom water

temperatures were similar throughout the year. In winter, in the North

Basin, bottom temperatures were about 2 C higher than surface temperatures

(and 2 C higher than Namows bottom temperature) with the reverse being

true during spring and early summer.

Growth in most popuìations of Pontoporeia spp. is more or less

continuous (Appendix l; Green 1965; Kuz'menko 
.l969; 

Johnson and Brinkhurst

1971; Cederwall 1977) though in most two year life cycle popu'lations

maximum growth is recorded in spring (Johnson and Brinkhurst 1971,
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Cederwal 1 1977).

The Lake l,.linnipeg popu'lations of Pontoporeia were apparently

exposed to a sufficient'ly high number of day-degrees to complete thejr
'life cycle in one year (2190-2445 degree-days, compared with 1060-2774

degree-days for 'l yr 'life cycle (Green 1965, Kuz'menko 1969, Greze l95l ),
and 5ll-1560 for 2 yr 'life cycìe (A]imov et al . 1972, Greze l95l ,

Cederwall 1977). Since food supply is not likety to be limiting in
Lake Winnipeg, it appears that the surnmer cessation of growth is the

reason for the unexpectedly long'life cyc'le length in the Lake Winnipeg

population. This summer cessation of growth apparently prevents the

anÍmal from growing a sufficient amount to reach maturity in their first
year. Since this species can reproduce only in cold water (Larkin 1948),

they must then wait until the fall of their second year to achieve sexual

maturity. Investigations of the ìife cycle and growth patterns of other

warm water populations of P. hoyi e.g. Barton and Hynes' (1976) populations

in the shallow water of the Great Lakes; Duffy and Liston's (.1979)

reservoir popu'lation would, if a similar 2 yr life cycle and summer

"diapause" were found, confirm this hypothesis.

2" Distribution of P. hoyi

B.hoyi has been regarded as a cold stenothermic species (Dadswelì

1971) and studies of its temperature tolerance (Smith 1972) confirm

this. However, its collection in shallow waters of the Laurentian Great

Lakes (Henson 1970, Barton and Hynes 1976), and the recent report of

it colonízing a warm water reservoir (Duffy and Liston .l979) 
suggest

that either more than one species is involved or that the species is

more tolerance of high temperatures than was previousiy accepted. Its



38

distributíon in Lake tlÍnnipeg, and perhaps even its presence in a

lake in which the continuous mixing of the summer warm surface waters

raises bottom water temperatures to near those at the surface (Brunski'11

et al. .1980), 
suggest that the population in the Lake. is not a cold

stenothermic one.

Wíthin the Lake, l. holi u,as present for at least part of the year

in all three basins. The South Basin popuìation was small (maximum

density 489/n2) and had apparent'ly disappeared by the last two sampling

dates (Appendix II'Fig. 4e, f). The low popu'lation densities of l. hoyi

and its elimination in late summer, may be due to high water temperatures

(Table 4). However, Bajkov (1930a) in Ekman grab samp'les from the

South Basin in the summers of l92B and 1929, collected more than three

times the maximum density recorded during the present survey and also

co'llected the animal over all areas of the South Basin which he sampìed,

in spite of summer water temperatures of almost 30'c in l92B (Bajkov

1930b). Similar'ly, the water temperature results from the present survey

(naximum water temperature at stations where !. hoyi was collected: -

South Basin 20.2"C, Narrows 20.8'C (Brunskill et al. l9B0)), together

with the collection of large numbers of q. ¡gXi from the llarrows, suggests

that high water temperatures are not responsible for the low densities

and/or elimination of P. hoyi in the South Basin.

Populations of P. hoyi are available, in the hlinnipeg river system

and other river systems (unpublished data) which enter the South Basin

from the east. In addition Kenney (1979) showed that after strong south

winds and during north winds ìarge volumes of I'larrows and l,lorth Basin

waters enter the north part of the south Basin. Thus, the sporadic

occurrence of P. hoyi may not represent a permanent population, but one
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which is washed in under favourable conditions and which may not be

able to sustain itself. Results from studies of the other benthic

invertebrates (e.g. Flannagan 1g7g, Flannagan and Cobb l98l; Flannagan

and Cobb, in press) suggest that anthropogenic changes in the South Basin

may have, or may be, rendering it unsuitable for habitation by the more

sensitive benthic aquatic invertebrates.

3. Production estimates of !. hoyi and H. limbata

a) General

The data available from this survey do not allow exact dates

for release of young l. hoyi or H. limbata to be set. This knowledge

is required to calculate exactiy the initial production for the period

from hatching to their first appearance in the sampìes, when the in-

stantaneous growth method (Chapman 1968) is used. By_ Lssuming a biomass

and density of zero at the start of the period before the first samp'ling

date, an estimate of production (= I /2 standing crop on the date of first
appearance in the samples) was included in the production estimate.

In addition to the above, sources of error in the production calculation

arise from the lack of mature males and large gravid P. hoyi females in

the growth/weight conversion curve (Fíg.2) and in the re:latively smal'l

numbers of stations sampìed in the June 4-12th cruise (Appendix II).
The former has led to underestimation of the total l. hoyi production,

while the latter may have contributed to an underestimation of the numbers

of individuals at this time, resulting in an underestimate of total

production. Additional emors inherent Ín calculation of production

are discussed, among others, by Waters (1966), Hamilton (1969), Kajak

and Hi 1 I bri cht- I I kows ka (1972) .
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b) !. hoyi and H. limbata

The total production of these two important fish food species

is almost identical. In both species production rate is highest in

the l{arrows, both producing in an area of less than 4,000 Kr2(= 10.4%

total Lake area), about 42% of their total production. The remainder of

the P. hoyi production occurs Ín the North Basin of the Lake. H. limbata

in contrast, produces 32% in the South Basin and only 25% of íts total

in the North Basin.

Although the South Basin appears to have changed considerab'ly due

to the activities of man, Flannagan and Cobb (lgAl ) have shown a 27%

decrease Ín Hexagenia production over the last fifty years, it appears

from Bajkov (]930a) that it never had a population of P. hoyi comparable

with those of the other two basins. !. hoyi although generally ex-

hibiting maximum densities at the junction of the profundal and sub-

littoral, is a species distributed into the deepest parts of lakes

(Dadswell l97l). Although the Lake t^linnipeg distribution was not typicaì,

this animal appeared to be able to inhabit deeper water than the essentially

littoral and/or sublittoral H. limbata (Flannagan 1979). The shallow

South Basin has no true profundal area, thus H. limbata could colonize

most of it. In the North Basin, H. limbata was restricted to the shore

areas, while P. hoyi showed a more extensive distribution. Similarly,

in the Narrows, which contains a long narrow deep area bounded by shallow

areas, H. limbata dominated at the shallower stations, was generally not

present at the deeper ones (Flannagan 1979) and P. hoyi was present at all
but the shallowest'stations (Fig. 8).

H. limbata ís a southern species, able to deveìop significantly only

at temperature > lOoC and not limited"by maximum Lake l^linnipeg water
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temperature (Friesen et al. 1979) while l. hoyi is a northern species,

able, in Lake Winn'ipeg to grow at temperatures of 2oC but limited by

high summer temperatures. In addition, Hexagenia spp. are tunnelers

requiring a more adhesive substrate than the sand preferred by P. hoyi.

Thus these animals, both of which are relatively indiscriminate

detritus feeders (Pennak 1953), though having a sirnilar total production,

have divided the available resources of the Lake spacially, both in

terms of depth and substrate, and temporalìy.

4, Lake l^linnipeg P. hoyi and Pontoporeia spp. production

Estimates of production of Pontoporeia spp. in the literature are

variable, ranging from a high of l9.Sg g/nZ/yr in the Baltic Sea (Cederwall

1977) to a low of 0.439 g in Lake Krivoe (Alimov et al. 1972). Cederwall's

(1977) results are based on onìy one station, in a part of the Baltic Sea

where Pontoporeia is abundant, and thus are not comparable with those of

Lake l,Jinnipeg, and most of the others, where production is estimated over

whole lakes or large areas of lakes. Kuz'menko (1969) reported 3.46 and
,

2.81 g/n"/yr production of P. affinis is mesotrophic Lake Krasnoe. This

is intermediate between the 7.37 S (Table 2) estimated for the Namows

and the 2.34 g (Table 3) for the North Basin of Lake Winnipeg. Green

(1971) estimated 1.81 g for !. hoyi in the more oligotrophic Lake Cayuga

which is lower than those for either basin of Lake Winnipeg. If production

of Pontoporeia can be used as a measure of trophy in lakes, the North

Basin of Lake l,linnipeg cou'ld be classified as being miìd1y o'ligotrophic,

while the Namows would be mesotroph'ic to eutrophic. Using the chironomid

species as indicators of trophic level would also result in similar

classifications for these two basins (saether .l975).



Table 8. Comparison of published and calculated turnover ratios for Pontoporeia spp.

Author

Green (.l971 )

Bekman (1959)

Cederwal 1 (1977)

Kuz'menko (1969)

Alimov et al .(1972)

Greze (.l951 )

l^later
Body

L. l^linnipeg
(North Basin)

L. t^linnipeg
(South Basin)

Cayuga L.

L. Baikal

Baltic Sea

Krasnoe L.

L. Krivoe

Yenisei R.

Speci es

l. hoyi

l. hoyi

Mean bottom
water To

t..

t.
t.
q.

P.

hoyi

affinis

affinis

affi ni s

affinis

6.0

6.7

3.9

3.2 - 3.7

4.3

7.5 - 7.7

4.0

2.9

Cal cul ated
TR (TR = Ê)

l0

P. affinis

3.6

4.49

1.5

1.03 - 1.37

I .85

5.6 - 5.9

1.6

0.84

TR of
author

2.37

3. 37

4.2

3.0

t.9

3.8 - 4.4

1.0

3.44

Þ(,
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Turnover ratio, the rate at which biomass is renewed, is perhaps

a better measure of the productivity of water bodies. Johnson and

Brinkhurst (1971 ) found that turnover ratio (TR = 
produçlion ) ofmean biomass' t

benthic invertebrates was comelated with mean annual bottom temperature

(T) in Lake 0ntario in the following fashion:

-2TR=l
10

As far as I am av',are this has not been tested with populations other

than those they worked on and certainly not on any other pontoporeia

popul ations.

The mean annual temperatures of the North Basin and l{amows were

estimated to be 6.0 and 6.75 respectively from the data in Brunskill et al.
(1979) and assuming that winter bottom temperatures were similar in the

South Basin and Namows - not an unreasonable assumption, since under

the Íce the flow in the lake is from south to north.

The predicted TR for the North Basin using the Johnson and Brinkhurst

(.1971)formula would be 3.6 and that for the Narrows 4.49, while the TR derjved

from the production calculation were 2.4.l and 3.33 respectively. This

suggests that either the TR prediction formula is not accurate, or the

results from Lake Winnipeg are out by a factor of around 30%. Comparison

of predicted TR values with those derived from production estimates by

other authors (taule 8) indicates that, at least for pontoporeia spp.,

there is littìe or no comelation between mean temperature and turnover

rates.

Since mean temperature/turnover ratio relationships did not appear to

provide a basis for comparison of Lake l^linnipeg Pontoporeia productivity,

and sínce there appeared to be a relationship between latitude, length
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of life cyc'le and TR, p'lots of the regression of the TR of one and two

year life cyc'le Pontoporeia on latitude were drawn. These indicated

(Fig. 9) that a good correlatjon, especially with the 2 yr cyc1e, existed.

The formulae describÍng the relationships were:

I yr cycle TR = 5.479 - 0.0272 latitude (r =-0.869, P < ..l0)

2 yr cycle TR =10.735 - 0.150 latitude (r =-0.954, P < .001)

The Narrows TR (el, rig. 9) lies a litile above the regr:ession

line and the North rR (83, Fig. 9) lies a little below it suggesting that

production of B. hoyi in the Naryows is a little above what might be

expected, and in the North a little less, or that the production of P. hoyi

in the two basins together is about what might be expected at these

latitudes. As previously discussed, the TR :in the Lake is among the

Atighest, while the lake is near the lowest latitude for two year'life cycles

and perhaps only restriction of growth by the warm summer temperatures

prevents these animals from completing their life cycle in one year.

5. Mul ti -l i near ana'lyses

Attempts to anaìyse the density distribution of P. hoyi in relation

to the distribution of environmental variables in the Lake indicated

(Table 7) a negative correlation with temperature, depth, Secchi disc

reading and a positive correlation with sand. Eliminating the south

Basin populations from the analyses removed temperature and Secchi disc

as significant variables. This might be expected, if ín fact the low

densÍties of P. hoyi in the very turbid and warm South Basin, were due to

anthropogenic changes, causing a spurious temperature and transparency

comel ati on.

Aithough P. hoyi is genera'lly considered to be a deep water
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species (Dadswell 1971, Bousfield 1958) maximum abundance has been

generally found in the l5-45 m depth range (e.9. Alley 1968, Henson 1970)

except in lakes in the far North where maximum numbers occur in 0-5 m

depth range (Rawson 1953). Thus the negative correlation with depth,

in Lake t^Jinnipeg, u,as expected. It should be noted that only depths of

3-4 m or greater were sampled, and if the shallower areas were included,

the distribution of P. hoyi, because of the small mean depth of the Lake,

might not show a depth correlation. However, Freitag et al. (1976)

found a negative correlation between depth and P. hoyi density in Lake

Superior, which has a high mean depth, suggesting that the Lake tlinnipeg

results are valÍd. The positive comelation with sand might also be

expected, since analyses by some workers (Kraft 1979, Cook 1975, Nalepa

and Thomas 1976) indicated a similar preference, though other workers

(Marzo'lf 1965, Alley 1968, Dermott 1978, Freitag et al. 1976) were not

able to show any, or onìy weak, comelation with substrate type.

Together depth and substrate type accounted for 55.3 percenl of

the variation in the distribution of f. hoyi (R2 = 0.553). The remaining

variation is unexplaÍned. l. hoyi occurs, as previously noted, in the

lakes and rivers which drain into Lake t¡Jinnipeg from the east. Re-

distribution from these lakes and from basin to basin by the water move-

ments shown by Kenney (1979) and within basins by the internal wind-

driven movements of water and sediment (Brunskill and Grahan 1979) are

all ìikeiy involved Ín the redistribution of animals within and into

the Lake.
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If, as suggested above, the inclusion of maximum water temperature

and water transparency as sign'ificant variables contributing to the

density distribution of P. hoyi (Table 7a) was spurious, only the

equation for the Narrows plus North Basin need be discussed further.

In this second equation (Table 7b), as previously mentioned, the slope

associated with depth is steep while that of arcsín percent. sand is

very shallow. Thus the density of !. hoyi could, without greatly affecting

the accuracy, be predicted using onìy depth data.
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Appendix l. Review of Pontoporeia hoyi

Taxonom.v

Smith (1874) described Pontoporeia hoyi from specimens from the

Laurentian Great Lakes, but it was regarded as, at most, a subspecÍes

of P. affinis Lindström (Bousfield l958) unril segerstråle (lgzz) in

consultation with Dr. E.L. Bousfield, reinstated it as a valid species,

distínct from the Eurasian P. affinis, and assigned all freshwater

North American Pontoporeia to thÍs species.

Today, two species of Pontoporeia, P. hoyi Smith and P. erythrophthalma

Waldron, known only from L. !'lashington, are recognized from North America.

However, the genus, íncluding its marine representatives, is presently

being revised by Dr. Bousfield, who suggested (personal communication)

that several species may occur in North America.

The specimens from Lake !'Jinnipeg were identified as !. hoyi by

Dr. Bousfield, urho mentioned the possibility, because of some small

morphological differences between these and the eastern Canadian popu-

lations, that the Lake l,linnipeg population may be a separate subspecies.

My ecologicaì. data support this hypothesis.

Dí stri buti on

Until the taxonomy has been revised, it is not advisable to speculate

on the distribution and origin of Pontoporeia spp.

l. hoyi species or species complex appears limited to those areas

of North America covered by ice or direct'ly connected to ice-covered

areas, during, or immediately after, the Wisconsinan glaciation (RÍcker

]959). Cook and Johnson (.1974) suggested that P. hoyi is either a relict
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species or a species which became dispersed through the glacial lake

systems. Since Bousfie]d (personal communication) betieves that P. hoyi

existed as a species in freshwater long before the glacial periods,

Cook and Johnson's (1974) latter statement is probab'ly the more accurate

one.

Abundance

L. ¡qyj- has been recorded Ín densities up to .l4,00ò/nZ in the Great

Lakes (Cook and Johnson 1974). l^lhere they occur, they normal'ly dominate

the benthos in both numbers and biomass. cook (lg7b) showed that p.

hoyi contributed 34% by number and 5l% by weight of the benthos of Lake

superior; Hamilton (1971, 1975) found it to numericaìly comprise 6g.5%

of profunda'l benthos of E.L.A. lakes and up to 93% of the benthos of

the deeper parts of south Indían Lake; Loveridge and cook (1916) found

it to represent 48-5.l% by number and 69-70% of the biomass in Lake

Huron; Larkin (19a8) recorded it to be 58-84% by number and 49-85% by

weight of the fauna of Great Slave Lake and 38-63% by number and 45-82%

by weight of the fauna of Lake Athabasca. In Lake WÍnnipeg this species

was found to comprise 63%, by number of the benthic fauna (Bajkov 1930a).

Life History

P. hoyi, in North America, exhibits a plastic life cycle length.

Alley (.1968) in Lake Michigan showed that at 10 m they had a 1 yr, at

20-35 n a 2 yr, and deeper than 35 m possibly a 3 yr life cycìe length.

Similarly, Cooper (1962) in Lake Huron collected two year classes (young

of the year + parents) at l3 m and three year classes (young of the

year + immatures + mature 2 yr olds) at 37 m. Green (lg7l) found a ì yr

life cycìe in cayuga 1., N.Y. Kuz'menko (1969) working on the related
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European species, P. affinis, showed that its 1, 2, or 3 year life cycle

depended on the day-degrees to which the population was exposed.

Dadswell (1971) reviewed the available information on P. hoyi and

suggested that the !. hoyi in Ontario lived in deep, cold lakes, matured

in 16-18 months (2 yr ìife cycle) and reproduced only once in their'life
cycle. copuìation usually occurred in late fall or early winter, the

eggs hatched about one month latero and the young were brooded for several

more months and released between March and May (Moore 1979, Dadswell

1971, ftlarzolf 1963). After copu'lation the males died, and during in-

cubatÍon of the eggs the females degenerated and shortìy after re'leasing

their young generally died. At maturity the male apparentìy became

free swimming and was adapted for this existence by developing very ìong

antennae and setose uropods which were used for swÍnrming. in addition,

males stopped feedíng and lived on stored oiì globules (Dadswe'll 197t).

Larkin (1948) suggested that the upper temperature lÍmit for successful

reproduction was 7 c. Baychorov and Semenchenko (j977) showed that a

temperature of 2-3 c was necessary for successful reproduction and

embryogenesis of the closeìy related Eurasian P. affinis.

Egg or brood size appears to be consistent throughout its range.

Green (ì965) recorded a brood size of 16-20 in l. hoyi from L. cayuga

(N.Y.) while Moore (1979) found a mean of 16.5 eggs in 6 mm ìong fema'les

and,22 eggs in 9 mm females P. hoyi in Great Slave Lake (N.hl.T.).

Both temperature and light are Ímportant in reproduction of Pontoporeia

spp. Summer reproduction was recorded in !. hoyi 'living in deep water

(reviewed by segerstråle 1967, Green l968). segerst.åle (1969) showed

that constant light inhibited normal development of the gonads of p.

affinis while constant dark allowed reproduction. He suggested that the

lack of light at great depth in lakes allowed sumner (or even continuous)
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reproduction to occur Ín Pontoporeia species. Moore (1979) using a

multivariate analysis technique, showed that reproduction of l. hoyi

was influenced by light (35%) and temperature (24%).

Feedi ng

Marzolf (1963) suggested that P. hoyi fed índiscriminatery, in-
gesting ìarge quantities of bottom mud and digesting the associated

bacteria. A similar feeding mode is suggested by Dadswell (197.l).

Moore (1976) Ín a more intensive study in Great Slave Lake, showed that

l. hoyi gut contents contained significant amounts of a'lgae, sandgrains

and oligochaete remains. He further showed that they selected specific

algae and that the sand grains in the guts were considerab'ly smaller than

the conrnonest particle sizes in the substrate, and that feeding did not

occur during the winter (Oct. - l4ar.). In contrast, Marzolf (.|96b) showed

that alga'l materia'l passed undigested through the gut. In another study,

also in Great slave Lake, Moore (1g7g), using a multivariate analysis

showed that percent. feeding in this species depended on temperature

(65-8%) + light (94.2%) - reproduction (97%). Thus feeding acrívity
would be expected to be limited to the spring-summer-fal1 seasons of the

year, being depressed during the winter by low light intensities, low

water temperatures and reproduction.

Economic Importance

As Fish Food

l. hoyi ís of prime importance in the diet on many species of

fish. Larkin (lg+g) suggested that'it was virtually the only food for

deep:ry¿¿.r fish. In Lake Michigan, Brandt (.1980) studied the food of

alewives (Alosa pseudoharengus (Wi'lson)) and showed that the adult fish

a)
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occurred in deeper and colder water than the juveniles and !. hoyi

contributed a significant portion to their diet (up to 135 individuals/

stomach). Griswold and Smith (1973), studying the food of the fishes

of L. superior, indicated that P. hoyi contributed 6j-79% by volume of

the diet of nine-spine stickleback (pungitius pungitius (Linnaeus)),

the main food item of Lake superior lake trout. Rawson (.1953) found

that P. hoyi in Great Slave Lake contributed 45% of the diet of grayling

(Thvmallus arcticus (Paì1as)), and a significant portion of the díet of

lake trout (Salvelinus namaycush Walbaum) particu'larly juveniles. Dadswell

(1971) suggested that !. hoyi contributed 50-80% of the diet of fish such

as whitefish, young lake trout, burbot and deep water sculpins. In Lake

t^lÍnnipeg P. hoyi was listed as the main food item in the diet of the

whítefÍsh of the lake (Baikov .l930b). In addition P. hoyi a1so provides

a food source for lvlysis relicta (Lovén) (parker l9s0), a major food item

of lake fish and ducks (Peterson and Ellarson l97g).

l'lhere they occur, P. hoyi are extreme'ly important,either directly
or indirectìy,in the diet of many fishes. They were also considered to

be sufficiently important that both P. hoyi and M. relicta were introduced

into Kootenay Lake, B.C. in an attempt to improve the growth of the fishes

of the Lake. Sparrow et al. (.l964) claimed a sígnificant increase in

growth of both rainbow trout and kokanee salmon 10 years after the íntroduction.

b) As an Índicator species

!. hoyi because of its 1ow position in the food web (yaguchi

et al. 1974), its apparent sensitivity to heavy metals (Gannon et al. 1g7g),

organic pollution, temperature and various pesticides (peterson and Ellarson
.l978), 

has been extensively used as an indicator species, especially Ín

the Laurentian Great Lakes.
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Kidd (.l970) investigated and evaluated !. hoyi from Lake

Michigan as a potential monitor of radioactive fall-out. He showed that

this species concentrated strontium, manganese and zinc isotopes X 260,

5840 and 3540 respectively. This work led to investigations such as

those of Yaguchi et al. (1974) who showed that fish in a Lake Michigan

detritus P. hoyi food chain, concentrated 239pu to a higher degree than

zooplankton feeding fish because the p'lutonium sedimented to the lake

sediments and the former food chain was shorter. Radionucleotides con-

centration factors apparently decreased up the food chain. The con-

centration factors of 239Pu in Lake Michigan aìgae was x 6100, in p. hoyi

was x 1600 and in other animals v{as much lower (Marshall et al. 1974).

Robbins et al. (1977 ) suggested that l. hoyi was responsible for mixing
210Pb and 137c, into the top 3 cm of Lake Huron sediments, as a result

of its burrowing activity.

Gannon et al. (1979) attributed the disappearance of l. hoyi

from Glen Lake (Michigan) to either copper poisoning from treatments

for swimmer's itch or pesticide run off from nearby orchards. Kraft

(1g7g) found a negative correlation between density of p. hoyi in Lake

Superior and copper concentrations ín the sediment. Peterson and Ellarson

(.l978) showed that both Lake Michigan whitefish and old squaws (Cìangula

hyemalis (Linnaeus))concentrated P.c.B.'s and D.D.E. x 4-21 from their
main food source - !. hoyi. In addition, Nalepa and rhomas (1976) and

Hiltunen (1969) used the absence of !. hoyi in parts of Lake 0ntario as

an indicator of deteriorating environmental conditions.

In laboratory cultures, P. hoyi preferred silty substrates, stil'l
water and low temperatures (smith 1972). He established its 96 hr

mean tolerance limit (TLm) at .l0.8 c and 30 day TL, at .l0.4 c. Gannon
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and

the

Beeton (1971) used !. hoyi in sediment selection tests to assay

effects of dredging sedÍments on freshwater benthos.

c) As an intermediate host for fish parasites

l. hoyi is the intermediate host for a number of acanthocephalan,

cestode and nematode fish parasÍtes. Brownell (.l970) found that P. hoyi

was an important intermediate host for Echinorynchus salmonis (trlüller)

(Acanthocephala) which can be transmitted to lake trout when they feed

on P. hoyi. Amin (1978) found immature E. salmonis, Acanthocephalis

parksideí Amin (acanthocephelans) and Cyathocephalus truncatus (Pallus)

(cestode) in Lake Michigan P. hoyi. 0f interest Ís his collection of

c. truncatus only ín l. hoyi from stomachs of s'limy sculpins and not in

l. hoyi from bottom samples. He postu'lated that the bright orange colour

of P. hoyi infected by c. truncatus encouraged selective predation by

the fish host.

0ther records of P. hoyi as the intermediate host of fish cestode

and acanthocephalan parasites include: C. truncatus, (l,llardle 1932; Larkin

1948; De Guisti and Budd ì959), E. salmonis,(Green 1965; van cleave 1920;

DeGuisti and Budd 1959).

Smith and Lankester (1g7g) confirmed experimentally that the swim

bladder nematode, CystÍdicola farionis Fischer, a parasite of salmonid

fishes, deveìoped to the infective stage in p. hoyi.

l. hoyi is therefore of considerable economic importance to man

both as an indícator of environmental conditions and as the main food

source for many commercia'lly and recreational'ly important fish species.

As an intermediate host to several debiìitating fish parasites Ít also has

considerable economic impact, especia'l1y in fish stocking and restocking
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programmes where disease-free stocks might wel'l be introduced into

infected lakes or infected stocks introduced into disease free lakes.

Ecological Parameters

a) Temperature

l. hoyi (mostìy as P. affinis until 1977) has been considered

a cold stenothermic deep water, glacial relict species. Laboratory studies

(Ricker .l959, 
Smith 1972) and field observations (e.g. Larkin ì94g,

Rawson 
.l953, Ricker 1959, Henson 1954, Green 

.l968, 
Dadswell l97l) suggest

that it is sensitive to water temperature in excess of .l4.5 C. However,

!. hoyi has been collected from shallow, warmer urater - Barton and Hynes

(1976) collected it in depth of less than I m on the shores of Lake

Superior, in the shallows of Lake Huron, and occasionalìy from the shallows

of Lakes Ontario and Erie. Duffy and Liston (1979) recorded its establish-

ment in a reservoir (by being pumped up from L. Michigan) where summer

water temperatures range from 20-23 c, while Henson (1970) reported

small standÍ'ng crops in waters <15 m deep in Lakes Huron and Michigan.

Freitag et al. (1976) in a statistical analysis of the depth distribution

of this species in Lake Superior showed that it preferred shallow water.

b) Dissolved Oxygen

Dissolved oxygen does not seem to affect the distribution of

!. hoyi since though they are common in cold, deep northern lakes (Bousfieìd

1958), Juday and BÍrge (T927) recorded it in Green and Trout Lakes, in

WisconsÍn, from water containing <l mgll D.0., and pennak (lgS3) recorded

it from water of <7% saturation. Smith (1972) concluded that agitation

of water with air bubbles, in the ìaboratory, interfered with the

culture of P. hoyi.
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c) Líshr

Light appears to control the vertÍcal migration of p. hoyi

since t,lells (.l968) recorded vertical migration of p. hoyi in Lake

Michigan at night and during the day only at depths greater than 36.5 m.

(the approximate depth of light extinction). Light is also involved in

the reproductÍon of this species (see section on Life History) and may

affect its temperature tolerance, since Marzolf (.l965) collected them

only at night in the shallow warm waters of Lake Michigan.

d) Depth

!. hoyi is typically most abundant at the depth of the junction

of the sublíttoral and profundaì zones and then becomes less common, but

is still present in large numbers, in the profundal (cooper 1962, Alley

1968), where they were found at depths of almost 600 m (Great Slave Lake,

Rawson ]953). They have rareìy been coilected at depths of <10 m.

0ther distributions recorded include: Great Slave Lake, maximum numbers at

0-5 m, a decline between 5 and 25 n, then an increase at 25-30 m (Rawson

1953); Lakes Huron and Michigan, maxima at l5-25 and 3b-45 m, less at all
other depths but still common in the profundaì (Henson 1970). These

and other minor variations from the typicaì distribution were a.ttributed

to the ínfluences of temperature (Larkin 1948, Rawson l9s3), changes in

slope of the lake bottom (Henson 1970) and competition from shallow

water amphípods (Juday and Birge l9Z7).

e) Substrate

Although in most lakes P. hoyi is most common in the profundal

or at the sublittoral/profundaì junction, many studies of its substrate/

density distributÍon show that it has a preference for sandy or si'lty
substrates, or at least does not select fine clay sediments.. Adams and



Table 9. Life cycle

Author

Green (.l971 )

Lubner (1979)

lengthq biomass and production estimates, and turnover ratios for Pontoporeia spp.

l,later
Body

Ku2menko (1969)

Cederwal 1 (1977)

Bekman ('l959)

Greze (1951 )

Bekman (1959)

Cayuga L.

Michigan L.

Spec i es

Krasnoe L.

Baltic Sea

L. Baikal

Yenisei R.

Angara R.

!. hoyi

!. hoyi

I

2

Produçtion(P)
(mg/nz/yr,
wet weight)

1 964-65

I 965-66

P. affinÍs

3 conu.rted from dry weight assuming dry weÍght = 16. s% wet weight(Baychorow and Semenchðnko (1977)i. ¿ - r"-

1810.33

2890-5950

34621-2ü62

I 93933t.
t.
t.
t.

affinis

affinis

affinis

affinis

Mean Life
Biomass Cvcle
(B-)(mg/mz
wet weight)

427.9

2560-
5236

917.15.|
-638.642

I 0206.8

Turnover
rati o
(=P/E)

l+yr

1 ,2,
and
3? yr.

I +yr

2+yr

l+yr?

I +yr

l+yr?

4.23

3. Bl
-4.42

1.9

3.0

3.44

2.5

Ol
oo
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Kregear (1969), Henson (1970), Nalepa and rhomas (1970), cook (r975),

Barton and Hynes (1976), Kraft (1979) all found p. hoyi to be most

abundant on sandy or silty substrates. Henson (1970), however, noted that

clean 100% sand had few Pontoporeia. This is in agreement with l4arzolf

(1963) who, though he did not find a correlation between depth, sand or

loss on ígnition, did find a coryelation between density of p. hoyÍ

and bacteria counts. in contrast, Loveridge and Cook (j976), Freitag

et al. (1976) and Dermott (]978) found little or no comelations with

substrate type.

Adams and Kregear (1969) suggested that P. hoyi was most abundant

on coarse substrates in Lake Superior because of its ability to exist in

unstable environments. This, at first g'lance, appears to be an unusual

abi'líty for an animal that was regarded as a profundal species and has

been so well studied in profundal situations. It is apparent, as more

littoral studies are carried out and as more populations are studÍed

(e.g. Lake winnîpeg), that !.. hoyi is either a plastic specÍes with

several ecotypes or severa'l species.

f) Productio!

Production estímates are available for two populations of P. hoyi

and for five populations of P. affinis. These together with the mean

standing crop and annual turnover ratios ¡production 1 for each
\mean biomass/

popuÏation are presented in Table 9. Production of P. hoyi varied wide'ly

from water body to water body, but turnover ratios, which are a better

indicator of productivity, being measures of the rate at which biomass

is rep'laced in a system, are relative'ly consistent at rv 2 for Pontoporeia

with a 2 year ìife cycle and 3.5-4.5 for populations with a ì yr cycle

(Table 9). In a discussion.of production of freshwater macrobenthos,
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l,'laters (.l969) suggested that animals with a one year cycle should have

a turnover ratio of 3-4, while animals with a'longer life cycle should

have a smaller one. Obviously Pontoporeia spp. fit this prediction

rather well. Pontoporeia spp.vary their life cycìe lengths in relation

to the day-degrees to which they are exposed, thus turnover ratio can

also be expected to be related to the mean temperature of their en-

vironment. Johnson and Brinkhurst (1971) compared turnover ratios of

benthic macroinvertebrates along a transect through the Bay of Quinte

to Lake Ontario proper. They were able to show that turnover ratio

approxímately equalled one tenth of the mean temperature squared and thus

that production (in K.u.,r) was equal to mean biomass tÍmes one tenth

of the square of mean temperature. No attempt has been made to test this

model agaÍnst estímates of Pontoporeia spp. production.



Appendix II, Density (#/nz t S.D-) of P. hoyÍ at the various stations and sampling times.
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Appendix III. Data used
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