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Figure 17. Diel vertical migration of fourth (A) and third (B)
instar larvae of Chaoborus americanus in Tendetr Bag
Lake on 4-5 August 1973,
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Diel vertical migration of third (hatched) and fourth
(solid) instar larvae of Chaoborus americanus (A) and
fourth (solid) instar larvae of Chacborus trivittatus
(8) in Forest Service Bog Iake on 1-2 August 1973.

Figure 13.
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Figure 19, Vertical distribution of fourth instar larvae
of Chacborus punctipennis in North Gate Bog
Lake at 1200 and 2400 hours on 3 September 1973,
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reported that C. punctipennis did not migrate under the ice of Tub Lake,

a small lake in noxthwestern Wiscousin. The results shown in Table 6
lend credence to this conclusion. The number of fourth instars in a
1.5 m vertical tow at night decreases in October and November, but in-
creases again in early and middle June,

Because all three Chaoborus species in Humminbgird Bog were less
abundant than in the other bogs, it was nol possible to use the traplfor
sampling. However, from vertical tows with the large plankton net described

earlier, the same general patterns of migration for C. punctipennis, C.

flavicans, C. trivittatus were found. That is the larvae are near the
bottom during the day and in the epilimnionlduring the night. Allan (1973)
found the same behavior in his study of Hummingbird Bog.

In summary, the third and fourth instars of all of the species found
in the lakes with fish undergo diurmal, vertical migration. With C.

punctipennis the extent of vertical movement appears to increase with the

age of the fourth instars. Chaoborus americanus is not found in lakes with

fish. 1Its vertical migration is much less, and appears to be affected by
characteristics of the lake in which the larxvae live. In a stained bog,

the majority of the mature larvae are at 2 m during the day, whereas in a

clear bog the majority of the mature larvae are at 3 m and 4 m,




TABLE 6

MEAN NUMBER OF C. PUNCTIPENNIS LARVAE OF TWO 1.5
M VERTICAL TOWS AT 0100 HOURS IN NORTH GATE BOG

Date
Instar 9/10/72 10/15/72 11/11/72 6/2/73 6/16/73
4th 646.5 186.5 27.5 246,5 479.5
3rd 63.5 1.5 o o e
2nd 17.5 - ———
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CHAFPTER IV
EXPERIMENTS
Absence of Chaoborus americanus

from lakes with Chaoborus
punctipennis and Chaoborus flavicans

Hypotheses

In this section the lack of co-occurrence of C. americanus with

C. punctipennis and C. flavicans is examined. Several hypotheses to
explain this phenomena will be presented, and the experiments required

to test these hypotheses outlined. Finally, the results of these experi-
ments will be described.

There are a number of factors that could be operating such that
C. americanus could not co-occur with the other two species. First it
could simply be a problem of dispersal, There could be certain lakes
that €. americanus adults can not get to, and therefore the larvae are
not found in those lakes. A second hypothesis to explain the C. americanus
distribution could be that although C. americanus adults are able to get to
the lakes from which they are absent, the larvae are unable to survive under
the environmental conditions found in those lakes. This would be considered
physiological intolerance.

A third factor or process could be competition between Chaoborus species,
and would be an indirect effect of fish predation. Studies were described
in Chapter I that demonstrated that planktivorous fish can dominate a zoo-
plankton community to the extent that generally only the smaller zooplankton

species can survive in the presence of the fish. With the exception of Daphnia

pulex in North Gate and Holopedium gibberum in Hummingbird, the zooplankton
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species in the bog lakes with fish are small. Although Daphnia pulex occurs

in North Gate and is a large species, the population is short-lived each
season. It appears in early spring, and by mid-June has nearly disappeared
(Jeff Koenings, personal communication)., Thus, the small zooplankton
species predominate most of the summer.

Feeding selectivity also has been demonstrated with Chaoborus. Dodson

(1970) showed that fourth instar C. flavicans preferred Daphnia pulex 1.0 mm

in length, when offered D. pulex ranging in size from 0,67 mm to 2.0 mm.
Sprules (1972) demonstrated that fourth instar C. americanus preferred

large Diaptomus shoshone (2.4 mm) over medium size Daphnia (D. rosea, 1.5 mm) ,

which were in turn preferred over large Daphnia (D. pulex, 2,2 mm). These
results suggest that the swimming orientation of the prey may be important

as well as the size. Daphnia swim with the long axis of the body essen-

tially vertical, whereas Diaptomus swims with the long axis horizontal, as
do Chaoborus larvae, Thus, perhaps the diameter of Diaptomus is also an
important parametexr in feeding selectivity by Chaoborus larvae. 1In any
case, feeding preference has been demonstrated.

In view of the above information, a third hypothesis for the lack of
co-occurrence of C. americanus and fish is that because the zooplankton

in the fish-lakes is small, C. americanus larvae, being relatively large,

are unable to survive on the smaller prey available in these lakes. The

argument is that C. americanus is being out-competed by C. punctipennis

in North Gate, and in che case of Hummingbird, also by C. flavicans and

C. trivittatus. Because Holopedium gibberum, a large zooplankter, is

present in Hummingbird, perhaps a form of diffuse competition (MacArthur

1972) is operating in this lake. That is, C. punctipennis and C. flavicans

being smaller do well on the smaller zooplankton prey, and C. trivittatus,
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the largest of the four species, can utilize the large H. gibberum; but
C. americanus fits in between these other species with respect to size. It
neither is efficient on the small nor on the large prey, and is out-

competed, It is felt that H. gibberum, although it is a large zooplankton

species, is able to survive with fish because each lndividual is surrounded
by a gelatinous sheath and is considered to be unpalatable to fish.

Finally, the fourth and most likely hypothesis is that the absence of
C. americanus from Hummingbird and North Gate bogs is the result of direct
fish predation. Fish do prey on Chaoborus larvae (Hasler 1945). 1In Chapter
II1 it was demonstrated that the larvae of the species that coexist with

fish commonly (C. punctipenunis, C. flavicans and C. trivittatus) undergo

the most extensive diurmal, vertical migration. In contrast C. americanus
larvae migrate very little. Therefore it is reasonable to suggest that

C. americanus larvae would be more subject to predation by fish because they
are always high in the water columm.

Experiments to Test Hypotheses

To test the first hypothesis of whether C. americanus are able to get to
the lakes, a light trap was set up at Hummingbird Bog to attempt to catch
C. amevicanus adults in the vicinity of that lake, In evaluating the next
two hypotheses, the question was whether C. americanus larvae could survive
on the prey available and under the physical-chemical conditions in Humming-
bird and North Gate bogs. This could best be approached by trying to raise

early larval instars of C. americanus in situ on the prey found in those lakes.

To do this small chambers were constructed from round one quart (0.98 1)

polyethylene refrigerator containers, with tight sealing tops. Two rhom-

boidal "windows" were cut in the sides, and a circular window in the cover.
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For screening 80 pm Nitex was glued over the windows with Testor's cement,
The dimeunsions of the containers arce shown in Figure 20. The windows and
screening were added in an attempt to simulate actual conditions as nearly
as possible, by allowing water to circulate through the containers, which
in turn enabled the prey to survive.

Because the containers would float when filled with water, they were
attached from their base to a board by a string and a strip of polyethylene.
The strip of polyethylene was glued to the bottom of the container with
epoxy glue, By this method it was possible to suspend the containers at
any depth desired by adjusting the height of the board appropriately. Also,
the containers were free to drift with any currents to the extent their
rethers allowed., A sketch of six containers as they appeared suspended is
shown in Figure 20.

Ten first instar C. americanus were placed in each container. Because
the question of survival of C. americanus was to determine whether they
could survive in each lake on the prey available, the size of the prey was
of interest. Therefore, in case there was a density effect of a rare
species being of optimum size and important for C. americanus larvae sur-
vival, such an effect could be detected by raising the larvae at different
prey demsities., For this reason the experiments were run at Low and High
prey conditions., The densities were determined in the following manner in
order to duplicate actual prey densities (including day to day variation)
as closely as possible.

The plankton trap described earlier was used to obtain the plankton
sample. The prey allotments for the containers were determined each time
the prey were changed (every other day). A plankton sample was taken with

the plankton trap which was equipped with an 80 ym Nitex net. The sample
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Figure 20.

(A) Diagram of one quart experimental containers;
5.0¢cm, b=6.0cmy, ¢ =7,5c¢cm, d = 11.0 em,
e=12,0cm, £ =9.0cm, g = 4.0 cm, h = 6.0 cm.
(B) Diagram of containers as suspended in Tender
Bog Lake.
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was concentrated to 300 ml. For the Low Prey condition, a 10 ml sample

was taken from this 300 ml comcentrate. To ensure as random a sample as
possible, the concentrate was stirred in a beaker and the 10 ml sample was
taken with a glass tube 6 mm in diametex. An auntomatic pipette was used

to draw up the 10 ml sample. This aliquot was essentially equivalent to the
actual number of prey per liter found in the lake.

The High Prey density was three times the density of the Low Prey.
IThus, a 30 ml sample of the plankton trap concentrate was taken for the
High Prey treatment. Because of the large volume of the sample, two 15 ml
samples were taken. The High Prey treatment represented three times the
actual number of prey per liter in the lake. Three replicates of each of
the prey densities were rTun simultaneously. The containers were suspeﬁded
at 0.5 m to ensure sufficient dissolved oxygen for prey survival,

The best way to test the final hypothesis of whether it is direct
predation by fish that is excluding C. americanus from fish lakes, was to
add Fish to a lake which had no fish, but had C. americanus larvae. It so
happened that in another study a graduate student from the University of
Michigan (Edward Brady) was studying mud minnow, Umbra limi, populations.
On 26 July 1972, %00 Umbra limi were added to a bog lake about the same
size and depth as Tender Bog. In August 1972 and early July 1973 this bog
had C. americanus larvae in large numbers and it was the only species of
Chaoborus present (E. Brady, personal communication). No fish were
present before they were added.

Results

Unfortunately trapping adult C. americanus at Hummingbird Bog was not

very successful. Because C. americanus emerges in mid-May, a light trap




73
used at night caught nothing. It was so cold at unight (especially around
the bogs) that very few insects were flying. Thus, there is no direct
evidence that . amevicanus adults can get to the fish-lakes. However,
the map showing the distribution of Chaoborus species (Figure 1) demon-
strates that C. americapus is found in lakes distributed throughout the
UNDERC property and strongly suggests that they can reach the lakes which
contain fish. |

with respect to the second and third hypotheses, Table 7 shows the
survivorship of €. americanus to fourth instar in Hummingbird Bog. Survivor-
ship to fourth instar was used as the criterion as to whether C. americanus
could survive in a lake. The rationale was that 1f a larva could survive
to fourth instar; which is the hardiest instar, then it is fair to say that
it could survive to pupation, and emergence as an adult,

The overall survivorship between the Low and High prey demsities in
Hummingbird Bog were not significantly different at @ = 0.05 (Table 8).
Thus, there was no optimum prey organism that was rare at the Low Prey
density, and had a differential effect on survivorship. The instar distri-
butions, however, at the two prey conditions were significantly different
at P < 0.0l (Table 9). As one might expect, the larvae grew faster at the
higher prey density because more prey were available. These data indicate
that C. americanus is not restricted from Hummingbird Bog because of the
physical-chemical conditions found in the bog, nor because of their inability
to use the array of zooplankton species found there.

Larval survivorship of C. americanus is the same in North Gate Bog
as in Hummingbixd Bog (Table 10). Again, the total survivorship at the

Low and High prey densities were not significantly different at & = 0.05
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TABLE 7

SURVIVORSHIP OF C. AMERICANUS IN HUMMLNGBIRD
BCG, INSTAR DISTRIBUTION ON DAY 52 (3 REPLI-
CATES PER TREATMENT, ORIGINAL COHORTS OF 10)

Low Prey High Pre

3rd Instar 4th Instar 3rd Imstar  4th Instar
7 i 0 )
5 3 2 5

6 2 0 6
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TABLE 8

STATISTICAL ANALYSIS OF TABLE 7,
TOTAL SURVIVORSUIP - GOODNESS OF
FIT, G STATISTIC

Tow Prey High Prey gadj
24 18 0.598 (NS)

NS = Not significant

TABLE 9

STATISTICAL ANALYSIS OF TABLE
7, TOTAL INSTAR DISTRIBUTLON -
TEST OF INDEPENDENCE, X

3rd Instar 4th Instar X_2
Low
Prey 18 6
High
Prey 2 16

16,832%%*

% = P < 0.01
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TABLE 10

SURVIVORSHIP OF C. AMERICANUS IN NORTH GATE
BOG, INSTAR DISTRIBUTION ON DAY 60 (3 REPLI-
CATES PER TREATMENT, ORIGINAL GOHORTS OF 10)

Low Prey High Prey
3rd Instar 4th Instar ird Instar 4rh Instar

2

7 0 7
6 3 0 8
8 1 0 6
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TABLE 11

STATISTICAL ANALYSIS OF TABLE 10,
TOTAL SURVIVORSHIP - GOODNESS OF
FIT', G STATISTIC

Low Prey High Prey Eadj
27 21 0.560 (NS)

NS = Not significant

TABLE 12

STATISTICAL ANALYSIS OF TABLE
10, TOTAL INSTAR DISTRIBU%ION -
TEST OF INDEPENDENCE, X

3rd Instar 4th Instar §E
Low
Prey 21 6
High 0 21
Prey
29,037%*

*% = P < 0,01
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(Table 11); but the instar distributions at the different prey densities
were significantly different at P < 0.01 (Table 12). Thus, the same con-
clusions that were drawn with respect to Hummingbird Bog can be applied
to North Gate Bog, also.

As a test of the hypothesis of direct f£ish predation, the bog to
which 900 Umbra limi were added was sampled on 9 September 13/3. No
C. americanus larvae were found in any of the samples taken in three
1.5 m vertical tows with the large plankton net described earlier. Con-
sidering the volume of water filtered in each sample (159 liters), it is
fair to say that direct f£ish predation had eliminated C. americanus larvae

from the bog lake. There were a few Chaoborus larvae, but they were

C. puncktipennis. Combining the results of these two sets of experiments,

there is good evidence for arguing that fish predation is the best ex-
planation for the absence of C. americanus larvae from lakes containing

C. punctipennis, C. fiavicans, and fish.

Absence of Chaoborus
punctipennis from Tender Bog

Hypotheses

The two most obvious hypotheses for the absence of C. punctipennis

from Tender Bog are (1) the inability of C. punctipennis adults to reach

Tender Bog, or (2) that the larvae are unahle to survive under the environ-
mental conditions found in Tender Bog. The remaining hypotheses depend

on the characteristics of C. punctipennis and C. americanus with respect

to each other, snd with respect to the other zooplankton species found
in Tender Bog.

First the timing of recruitment of both species must be congidered

with respect to the dynamics of the zooplankton populations in Tender and
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Horth Gate bogs. As shown in Chapter III, in Tender Bog C. americanus
larvae pupate from fourth instar and emerge as adults abeut the middle of
May, not long aftex the ice has left the bog. First and second instar

C. americanus are present as the zooplankton populations start to increase.

In North Gate and Humminghbird bogs, C. punctipernis emerges near the end of

June. Also, in general the zooplankton prey are smaller in the bogs in

which C. punctipennis and fish are present.

A third hypothesis to explain the absence of C. punctipennis from

Tender Bog follows from these facts. The prey zooplankton in Tender are

small (juvenile Daphnia pulex, nauplii and copepodids of Diaptomus leptopus)

when the zooplankton populations begin to increase and C. americanus is in

first and second instars. However, when C. punctipennis emerges at the end

of June, the size range of D. pulex and D. leptopus in Tender Bog would have
shifted to the larger, older age claéses. It could be argued that there

would not be sufficient small prey for the early instars of C. punctipennis

to survive. Thus, perhaps because of the timing of recruitment and the
size of the prey zooplankton in Tender Bog, (. americanus is better able to

exploit the resources available and exclude C. punctipennis from Tender Bog.

A fourth hypothesis has to do with the direct predatory interaction
of the Lwo Chaoborus species. Previously it was stated that the early
instars of all four species of Chaoborus remain in the upper portion of
the water column throughout the day. It was also demonstrated that the
third and fourth instars of C. americanus in Tender Bog show relatively
1ittle diurnal, vertical migration. Table 13 shows the daytime numbers
of the last three instars of C. americanus in Tender Bog on 17 July 1973.

The majority of the C. americanus are in the third instar. The fourth

hypothesis is that since C. punctipennis emerges at the end of June, the
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larvae that would hatch from the eggs laid by any adult female C. puncti-
pennis that happened to land on Tender Bog, could possibly be subject to
predation by third instars of C. americanus. Both would be occupyinrg the

same portion of the water column of Tender Bog. The early instars of

C. punctipennis could be considered prey for C. americanus, along with the
other zooplankton species.

Experiments to Test Hypotheses

To test the hypothesis about the dispersal power of C. punctipennis

a light trap was set at Tender Bog at night. For evaluating the next two

hypotheses concerning the ability of C. punctipennis larvae to survive in

Tender Bog, it was mecessary to determine whether . punctipennis could

survive on the prey available and under the environmental conditions found
in Tender Bog.

For this reason ten second instar C. punctipennis, from North Gate

Rog, were placed in each of six quart countainers in Tender Bog. These
were the same kind of containers described earlier for the C. americaous
rearing experiments, It was necessary to use second instars because the
first instars were very small (1 mm), clear, and nearly impessible to see
with the naked eye. They could have easily been missed or lost in a con-
tainer. Three of the containers were treated with High Prey density, and
three with Low Prey density. This was in case of rare species being of
optimum size, as explained for the previous experiments. Likewise, the
prey densities were determined in the same manner as described above for

C. americanus, and the prey were replaced every other day. The contalners

were suspended at 0.5 m in Tender Bog.
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To test the last hypothesis of C. punctipennis - C. americanus inter-

action, it was necessary to determine how C. punctipennis grew on the prey

found in Tendexr Bog, but in the prescnce of C. americanus larvae. In another

set of six containers, 7, second instar C. punctipennis were placed with 3,

third instar C. americanus in cach container. Three, third instax c.
americanus per liter was the density of G. americanus third ipstars in Tender
Bog when the experiment was started {(Table 13). Again, there were three
containers at Low Prey density, and three at High Prey density. All containers
were suspended at 0.5 m in Tender Bog. New zooplankton were added every EWO
days, after removing the old zooplankton and noting the survivorship of the
Chaoborus larvae. The larvae were also removed each time, and then returned

to the containers after the new zooplaukton were added.

in the event that C. punctipennis larvae were able to survive in Tender

Bog, or even if they were preyed upon as second instars, what if a larva
were able to make it to third vr fourth instaxv, would it still be vulnerable
to predation by later instars of C. americanus? To answer this question, a
series of predation experiments with third and fourth instars of both species
were conducted. For convenience these experiments will be referred to by
puimber (3 to 7). All the experiments Were conducted with the one gquart con-
tainers des.ribed above. Because in a bog alternate pIey would be available,

as well as arly instars of C. punctipennis, the treatment levels in Experi-

ments 3 and 4 were 1) mo alternate prey and 2) low density of alternale prey.
For Experiments 3, 6, and 7, the treatment levels were 1) no alternate prey,
2) low density of alternmate prey; and 3) high density of alternate prey. The
third level of the prey treatment was added pecause it was felt that older

third instar and fourth instar C. punctipennis may have been large enough
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TABLE 13

MEAN NUMBER OF C. AMERICANUS LARVAE PER
PLANKTON TRAP (TWO SAMPLES OF 30.4 1 EACH),
DAYTIME, 7/17/73, TENDER BOG

Instar
2nd 3rd 4th
! surf, 10.0 37.0 2.5
Depth 1m 19.5 103.5 7.0

: Zm 2.5 12.5 22,5
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alternate prey could affcct the predation rate. Experiment 7 was also
cross-classified according to small and large fourth imstar C. smericanus.
The zooplankton densities were determined as they had been in previous
experiments. High density of alternmate prey was three times the low

density of prey. Controls (C. punctipennis without C. americanus) were

run for all treatment combinatioms in all the experiments. The descriptions
of the experiments are listed below. The sizes are the average body length
of the larvae used in the experiments.

#3 - Predation of large (7.8 mm), 3rd instar C. americanus on small

(4.3 mm), 3rd instar C. punctipennis; 6 replicates per treatment

level; 5 C. punctipennis and 2 C. americanus per container.

#4 - pPredation of large (12.3 mm), 4th instar C., americanus on small,
3rd instar C. punctipennis; 6 replicates per treatment level;
5 C. punctipennis and 2 C. amevicanus per container.

#5 - Predation of large, 4th instar C. americanus on medium (4.9 mm),

3rd instar C. punctipennis; 5 replicates per treatment level;

7-C. punctipennis and 2 C. americanus per container.

#6 - Predation of small (9.7 wmm), 4th instar C. americanus on medium,

3rd instar C. punctipennis; 5 replicates per treatment level;

7 €. punctipennis and 2 C. americanus per container,

#7 - Predation of small and large, 4th instar C. americanus on medium

(6.9 mm), 4th instar C. punctipennis; 5 replicates per treatment

combination; 7 C. punctipennis and 2 C. americanus per container.

Finally, to determine whether the size of the container was biasing

the predation experiments, Experiment 8 was run with large, fourth instar
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C. americanus and medium, fourth instar C. punctipemnis in 19 liter plastic

buckets, As with the smaller containers, the buckets had windows with 30 pm
Nitex on the sides and in the cover to allow for circulation of water through

the containers. The control container had 133 €. punctipennis and a low

density of alternate prey, whereas the experimental container had 133 C.

punctipennis and 38 C. americanus and a low demsity of alternate prey.

There was only one container for each treatment level. The alternate prey
density was the same as described above for the Low Prey condition in
Experiments 3 through 7.

For all the predation experiments, the coutainers were suspended in
Tender Bog at 0.5 m. The experiments were run for 48 hours. The C. puncti-
pennis larvae were taken from North Gate Bog and the C. americanus from
Tender Bog just prior to each experiment. None of the animals were starved.

The results of Experiments 3 and 4 were analyzed by the Wilcoxon Two-
Sample Test, Experiments 5 and 6 by the Kruskal-Wallis Test, and Experiment
7 by Analysis of Variance.

Results

With respect to the first hypothesis of dispersal, the results from
the light trap set at Tender Bog were more successful than those at Humming-
bird Bog because it was a warmer period of the summer. On several very warm
nights, when the evening temperatures were around 27°C, large emergences of

C. flavicans and C. punctipennis occurred on Tenderfoot Lake (7/9/73-

C. flavicans, 7/17/73 - C. punctipennis). On 9 July C. flavicans adults

were caught in the light trap at Tender Bog. On 4 August adults of both
species were observed on the surface of Tender Bog after sunset. During
this time large numbers would accumulate at night on the doors and windows

of the laboratory located on the edge of Tenderfoot Lake. Thus, it certainly

appears that these two species can get to Tender Bog.
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tinety percent of the second instar C. punctipennis reared alone in

Tendexr Bog survived to fourth instar {Table 14). Therc are no signifi-
cant differences In the growth rates, moT in the survivorship at the Low

and High prey densities, If an adult, female C. punctipennis were to land

at Tender Bog and 1aid eggs which hatched, the larvae would be able to live
on the zooplankton in Tender Bog.
The results from the reciprocal predation experiment, however,

suggest the explanation for the absence of C. punc tipennis from Tender

Bog. For those containers in which 3, third instar C. americanus wvere

placed along with 7, second instars of C. punctipennis, no C. punctipennis

remained after ten days. 1t is thus quite clear that early instars of
C. Eunctipennis are subject to heavy predation by third instars of C.
americanus at both low and high alternate prey densities.

Experiments 3 through 8 were run to determine whether predation
occurred in the later instars. The results of these experiments are shiown
in Tables 15 through 71, Because the outcome of Experiments 3 through 6
were essentially the same for the different sizes and jnstars of the two
species, T will discuss these results collectively.

Tn all cases there was heavy predation by C. americanus larvae on the
C. Eunctipennis larvae. The results for the controls are not shown, but

-—

there was no mortality due Eto cannibalism by C. punctipennis. In Experiments

3 and &4 (Tables 15 and 16), there was no significant difference (@ = 0.05)
ip the predation rates as the result alternate pTey being available.
In Experiment 7, a2 X3 factorial design was used to determine whether

the alternate prey density or the size of the fourth instar C. americanus

s

s R




86

TABLE 14

SURVIVORSHIP OF C. PUNCTIPENNIS IN TENDER BOG,
INSTAR DISTRIBUTION ON DAY 36 (3 REPLICATES
PER TREATMENT, ORIGINAL COHORTS OF 10)

Low Prey High Prey
3rd Instar 4th Instar 3rd Instar 4th Instar
0 9 0 10
0 9 O 9
0 9 0 9




TABLE 15

EXPERIMENT NO. 3: PREDATION OF 3RD
INSTAR €. AMERICANUS ON 3RD INSTAR
C. PUNCTIPENNIS (MEAN NUMBER EATEN
IN 48 1IOURS, WILCOXON 2-SAMPLE TEST)

No
Zooplk. Zooplk. C
3.5 2.2 26 (NS)

NS = Not significant

TABLE 16

EXPERIMENT NO. 4: PREDATION OF 4TH
INSTAR C. AMERICANUS ON 3RD INSTAR
C, PUNCTIPENNIS (MEAN NUMBER EATEN
IN 48 HOURS, WILCOXON 2-SAMPLE TEST)

No
Zooplk. Zooplk. C
4.8 4.2 27.5 (NS)

NS = Not significant

87




TABLE 17

EXPERIMENT NO. 5. PREDATION OF 4TH

C. PUNCTIPENNIS (MEAN NUMBER EATEN
IN 48 HOURS, KRUSKAL - WALLIS TEST)

No Low High
Zooplk. Zooplk. Zooplik. H
6.4 6.4 5.4 0.880 (NS)

NS = Not significant

TABLE 138

EXPERIMENT NO. 6: PREDATION OF 4TH
TNSTAR C. AMERICANUS ON 3RD INSTAR
C. PUNCTIPENNIS (MEAN NUMBER EATEN
IN 48 HOURS, KRUSKAL - WALLIS TEST)

No Low High
Zooplk. Zooplk. Zooplk, H
6.0 5.8 5.8 0.185 (NS)

N§ = Not significant
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affected the predation rate on fourth instar C. punctipennis, The pre-

dation rates and the analysis of the results are shown in Tables 19 and

20. As shown by the predation rates, even fourth instar C. punctipennis
are subject to predation by C. americanus. From an Analysis of Variance
we find that again there was no effect due to the density, or presence or
absence of alternate prey (@ = 0.05). There was, however, a significant
difference (P < 0.05) due to the size of the C. americanus larvae. That

is the larger fourth instar C. americanus had a greater predation rate

than the smaller fourth instar.
Finally, the results of Experiment 8, in the 19 liter containers,

appear in Table 21. These results show that there is a high predation

rate even in a large container, where there is a greater chance for the

spatial separation of the two species. Thus, the small size of the con-

tainers used in the previous experiments did not seem to bias the results

by affording greater chance for interaction between the species.
The results of the sbove experiments indicate that predation by thixzd
t likely explanation for

and fourth instar C. americanus larvae is the mos

the absecnce of C. punctipennis larvae from Tender Bog. Also, the rasults

of Experiment 7 suggest that the relative size of the C. americanus and

C. punctipennis larvae is important in determining the predation rates of

the former on the latter. Although the similar exXperiments wexe not con-

ducted for C. flavicans and C. txivittatus in Tender Bog, it is felt that

the same explanation can be used for the absence of these two species.,

Chaoborus flavicans does emerge at the end of May in Hummingbird and Tender-

foot lakes, but the largest emergence in Tenderfoot Lake was observed in

early July. It can be argued that at this time there would be the greatest

prebability of aduit C. flavicans treaching Tender Bog. Early instars of




TABLE 19

20

EXPERIMENT NO. 7: PREDATION OF 4TH
INSTAR C. AMERICANUS ON 4TH INSTAR
C. PUNCTIPENMEIS (MEAN NUMBER EATEN

IN 48 HOURS)
Zooplankton
None High
Small 4.4 3.6
C. amer.
Large 6.2 4.8

TABLE 20

ANALYSIS OF VARIANCE OF EXPERIMENT NO. 7

———

Source of variation df MS Test Results
C. americanus 1 27.571 *
Zooplankton 2 3.027 NS

C. amer. X Zooplk. 2 1.531 NS
Erxror 23 3.592

NS = Not significant
* = P < 0,05




271

TABLE 21

EXPERIMENT NO, 8: PREDATION OF 4TH INSTAR
C. AMFRICANUS ON 4TH INSTAR C. PUNCTIPENNLS
(IN 19 LITER CONTAINERS)

Start 48 Hours
punct. amer., punct. amer.
Control 133 0 132 0
133 38 24 38

Experimental
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this cpecies would be subject to the samc predatiom pressure as C. puncti-
pennis larvae. Since the emergence of C. trivittatus occurs in late August,
there is no problem in applying the same reasoning to this specles.

A predation experiment was conducted in late August with fourth
instars of C. flavicans and of C. americanus, but no predation occurred by
either species. IE a C, flavicans larva were able to survive to fourth
instar in Tender Bog, it would appear to be safe from predation by C.
americanus larva. No fourth instar C. flavicans, however, were ever found

in the samples from Tender Bog.

Coexigtence of Chaoborus
americanus and Chacborus trivittatus

1t has been shown that C. punctipennis, C. flavicans, C. trivittatus

are absent from Tender Bog because of predation by C. americanus. If,
however, this argument is to be consistent, a late emerging species such as
C. trivittatus should not be able to coexist with €. americanus, as it does
in Forest Service Bog.

Figure 18 shows the vertical distribution of C. americanus in Forest
Service Bog. It can be seen that compared to the C. americanus distribution
in Tender Bog (Figure 17), the third and fourth instars are deeper during
the day, and at night are evenly distributed throughout the water column.
Thus, it can be suggested that predation by mature imnstatrs of C. americanus
on early instars of C. trivittatus in Forest Service Bog might be less than
in Tender Bog because the mature C. americanus larvae are not in:the upper
two meters during the day in Forest Service, where the early instars
(first and second) of C. trivittatus would be. This difference in behavior

is probably related to the degree of staining of the water of the respective

bogs.
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Another difference in the two bogs is the density of C. americanus.
The density of C. americanus in Tender Bog is about three times as greal
as it is in Forest Service. That is, the total number of C. americanus
larvae in the combired samples taken at the surface, 1 my, 2 m, 3 m, and 4 m
in Tender Bog with the plankton trap, at 2400 hours, on 4 August 1973 was
360 larvae. The total nunber of C. americanus larvae in the surface, 1 m,
2m, 3m and 3.5 m gsamples in Forest Service Bog, at 2400 hours, on 2
August 1973 was 106. Therefore, the predation pressure of C. americanus
iarvae should be less in Forest Service Bog because of the fewer mumbers
of C. americanus larvae.

Finally, the two bogs differ in one nther way. Both were sampled
for zooplanktom. through the ice, in Decembex 1973, and March 1974. On

both dates zooplankton (Diaptomus leptopus) was found alive and doing well

in Forest Service Bog. In fact the females of D. leptopus were carrying
eggs., In Tender Bog, however, no zooplankton other than C. americanus
larvae were found, Sprules (1972) showed the large Diaptomus were &
desirable prey for fourth instar C. americanus. Thus, there is an
alternate source of prey available in the winter in Forest Service Bog.
Combining the above observations, & plausible explanation for the
presence of C. privittatus in Forest service Bog is that because (1) the
mature larvae of C. americanus do not occupy the upper strata of the bog
during the day, (2) C. americanus larvae are in lower density in Forest
Service Bog, and (3) an alternate source of prey 1is available for C.
americanus larvae throughout the winter, predation pressure by C. americanus
on early instars of C. rrivittatus is much less than in Tender Bog. Thus, C.

trivittatus is able to coexist with C. americanus under these conditions.
trivaittareo C. gmer’tc oo
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There is an interesting difference in the distribution of instars of
C. amevicanus in Tender and Forest Service bogs (Tables 22 and 23). 1In
Tender Bog (Table 22) C. americanus presents an expected pattern of pro-
gression through the four instars, with each instar increasing in numbers
as the molting occurs from the previeus instar. This is seen on dates
6/1, 6/10, /30, 7/14, 8/18. By 30 July for example, second instars are
a small proprotion of the total number of larvae.

In Forest Service Bog there is a different pattern. At the beginning
of the summer, the C. americanus population is further along in development,
25 can be seen on 1 June, than is the C. americanus population in Tender.
Yet, on 28 July and 10 August in Forest Service, there are still a large
number of second instars present. In contrast, by 14 July the majority of
iarvae in Tendex are in the third instar.

There are two possible explanations for this difference, First it
could be that C. americanus has more than one generatiom per sumner in
Forest Service Bog. On the other hand, it could be that the population
staggers pupation throughout most of the summer. The first explanation
implies that Forest Service is a more productive lake than Tender. The
second suggests Forest Service is less productive. To answer this question
production estimates are required throughout the summer for both bogs.
Likewise, estimates of prey preference are required. Although there is one
more cladoceran species in Forest Service, all species may not be equally

available as prey. For example, the gelatinous sheath of Holopedium

gibberum may render it hard to catch and handle.




95

aeasul 3IST

\
|
\

N

0'1 0L g sl aeasul PUg
61 (A 002 VYA ieasul PAL
0°G1¥ G°8L¢ 0 wtE c*9cl agasul Uiy
6/6 £2/8 11/8 oc/L 2323S
2318d
— — c* 8% 0'EL9 c*0 Ie3sul A8T
0161 g pEL G 7E8 £°g _ 118Ul PUZ
0°'CL9 L 8 0*s _ -— 138Ul Pig
¢zl 0*c1t €*gq c°81 G 68 agasul Uiy
—_ —_— —_— —— 0°¢g sednd
y1/L 0t/9 <1/9 179 I1/s 5%e35
a7ed

(s¥noH 0010 QNV 00%¢ NTAMITE
qa10TTI00 STTIRYS) €461 NI 5o WACNAL NI_SHOL TyOIIYIA

W ¢'1 OML d0 qvdnd ¥O HVAEV'I Snuvoidady "0 30 VATHAN NVIH
ze d1dVL

o Sy A PR

g e



96

_— — -_— —_— ae3sul 3si
€1 0°¢l 0° %01 S'9f aelsul pug
— £'€T g %e G '8t €9z Ar3sul pig
o€ 0°6tL G*LY 0'LE 0°%/ 1B3SUl Yay
7/01 6/6 9z/8 01/8 8¢/L ELEFTS
eaed
A ae3suyl 351
"RA ) ¢"c1 0°¢gs 08B - Iielsu] pug
T ¥ 0'cl 091 I —_— 1B35Ul pag
0799 D'ET 0°6T S'61 0°1¢ aep3isul Y1k
Z1/L 8¢/9 S1/9 1/9 L1/s CEEET
378Q

(S¥00H 0010 ANV 00%¢ NAIMIEE
QRLOATION STIIHVS) £26T1 NI 50¢ TOIAYES ISHE0d NI SMOL

TYOIIEIA W $°T OML J0 HVAYYT SONVOIVIWNY D JO HHTWAN NVIK

£¢ HI4vil




DISCUSSTION

The pattern of distribution of Chaoborus americanus in relation to

¢he other three Chaoborus species appears to be determined by a number of

factors. First, the absence of C. gmericanus from lakes with GC. punctipennis

and €. flavicans is best explained by direct fish predation., Those species

(C. punctipennis, Cc. flavicans and C. trivittatus) whose mature larvae under-
go diurnal, vertical migration can coexist with fish, presumably because
they are deep in the water column during the daylight hours when fish feed.
Chachorus ameficanus third and fourth instar larvae, however, are subject to
predation because they vemain up in the water column continuously. The

fact that most lakes have £ish accounts for the lov frequency of occurrence
of lakes with C. americanus.

In those lakes ip which no £ish are found, C. americanus is the dominant
species. The coexistence of C. americanus with any other species depends on
the result of the interaction of the characteristics of the species and the
characteristics of the lakes. 1Im darkly stained bog lakes; C. americanus
mature larvae remain high in the water colum., The early instars of all
species, as well as the later instars of some specles, are thus vulnerable
to predation by mature C. americanus larvae. It is believed that this pre~
dation pressure explains the absence of congeners of C. americanus from
stained bogs such as Tender Bog.

In the clear bogs with no f£ish, C. ametricanus mature larvae sit lower
in the water column during the day. Also, zooplankton prey overwinter in the
clear bogs. Under these conditions, C. trivittatus is able to coexist with
¢. americanus, and to overwinter as early instars. 1t is not fully undex-

stood why C. punc tipennis and C. flavicans also can not survive in such bogs.
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The present evidence suggests that there may not be sufficient small prey
(rotifers) available for the early instars or these two smaller specles.
Preliminary analyses of zooplankton samples from Forest Service Bog have
revealed a low density of rotifers. Tender Bog, in which early iustars of

C. punctipennis larvae grew well, has a high density of rotifers. There-

fore perhaps the rotifer fauna (or comparably sized zooplankters) are
important for the survival of early instars hatching E£rom eggs laid by

i a migrant female of C. punctipennis and C. flavicans.

The observed distribution of the four Chaoborus species among the
four lakes studied reflects the result of the interaction of comsistent
properties of the species, This is substantiated by the fact that there

i are other lakes at UNDERC with the same combinations of Chaoborus species.

For example, Ziesnis and Marathon bogs have the same Chacborus species as

Forest Service Bog; Brady's Bog and North Bog are similar to Tender Bog.
Other evidence comes from the results of a survey of a series of lakes

in Quebec., These results were reported in 1973, while this study was in
progress, Pope et al. (1973) in sampling 26 lakes on the Matamek River
system found the same four species that occur in the UNDERC lakes. A fifth,
as vet unidentified species of the same sub-genus as C. trivittatus,

Schadanophasma, was also found, More importantly, Pope et al. report all

the combinations of species that are found in the UNDERC lakes, as well as
a few other combinations. In general, however, the trends are the same in

the Quebec lakes: (1) C. americanus does not occur in the lakes with fish,

whereas C. punctipennis, C. flavicans, and C. trivittatus do; (2) C. americanus

co-occurs with C. trivittatus or Schadanophasma spp. but not with the other

species, Also, C. americanus does not axhibit the vertical migratory

hehavior of the other species.
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Tt has been shown that predation is operakting in this system, buk how
does predation fit into the overall dynamics of the different combinations
of Chaoborus species? BY considering the distribution of the Chaohorus
species fxom a midge's point of view, it is easily realized that the lakes
represent an environment in which the habitat consists of discrete patches
(lakes) varying in size and distance from one another. Because adult
Chaobarus are able to get from lake to lake, migration between patcﬁes of
habitat occuxs in this system (UNDERC lakes). Predation has been demon-
strated to be important in the distribution of the species of Chaoborus.

Tt can be classified as 2 source of extinction.

1t is helpful to consider the UNDERC lakes as being divided into three
different kinds of habitat, each with distinct combinations of Chaohorus
species. They are: (1) fish lakes, (2) stained, fishless bog lakes, and
(3) clear, fishless bog lakes. rach of these habitats has a defining
characteristic. The observed combinations of Chaoborus species are the
result of the jnteraction of the Chaoborus speciles with the defining
characteristic of the habitat (fish and C. gmﬁricanus), or with the other
Chaoborus under the conditions peculiar to that habitat. Thus, the Chacborus
species distribution can be viewed as a system in which species are able to
migrate between patches, but the rates of extinction vary for different
species in different kinds of habitat patches.

Consider three.general relationships that could exist between the
extinction rate (e) of a species in a given habitat patch, and the migra-
tion rate (_) to that habitat patch. Extinction as used here refers to the
death of individual larvae of a single species, not the change in number of
species as used by MacArthur and Wilson (1967). The units in the migration

rate are also the rumber of larvae that hatch per unit time from eggs laid

o gt AR e £ o A S TTIRE TR
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by an adult female that migrates to a glvem lake. First the extinction
rate could be ecqual to the migration rate (e=m). Sccond the extinction
rate could be less than the migration rate (&<§). Finally the extinction
rate could be much less than the migration rate (e<<m). These three con-
ditions coincide well with the variation in the intensity of the particular
extinction mechanisms operating to determine the Chacborus species combin-
ations found at UNDERC and reported in the literature.

First the situation in which e=m is represented in the cases of the
exclusion of g.'americanus from fish-lakes by fish, and the exclusion of
congenerics from Tender Bog by €. americanus. In both cases, for the
observed combinations of Chaoborus species to persist, g must equal m for
the excluded species. That is, none of the propagules survive. It should
be pointed out that it is the difference between the two rates that is
impertant. The extinction rate does not have to be large to result in
exclusion if m is also small. Although there is no data to verify the
mechanisms operating, the absence of C. flavicans and C. trivittatus from

North Gate Bog, and C. punctipennis and C. flavicans from Forest Service

_ﬁ Bog, can be accounted for by having e=m. A few early instars of C. flavicans

were found in Noxrth Gate Bog, but never fourth imstars. It is suspected that
the small prey size in North Gate Bog may be important in the absence of

C. flavicans and C. trivittatus from this lake. The absence of C. puncti-
pennis and C. flavicans from Forest Service Bog was discussed earlier.

In the second case, e<m, there is a potential source of extinction,

R

but it is not of sufficient magnitude to exclude the species from a given

g

lake. Admittedly, I have no estimates of the migration rates, but there

is evidence from this study that the extinction rates of those species that
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cocxist with the fish are much lower in the lakes with fish than they are
for C. americanus. That is, the ability to migrate vertically in the water

column diurnally, enables C. punctipennis, C. flayicans, and C. trivittatus

to survive with fish, even though they may suffer some predation (Hasler

1945). Also, because C. punctipeunis and G. flavicans occur most frequently

in the UNDERC lakes, m might be greater for these species. It is reasonable

to consider it proportional to the number of habitats occupied (Slatkin

1974). An explanation was also presented in Chapter IIT for the coexistence

of C. americanus and C. trivittatus in Forest Service Bog. The essence of

the argument was that for several reasonms, the extinction rate of C. trivittatus
due to predationm by C. americanus is lower in Forest Service Bog, than in
Tender Bog. That is, the extinction rate is low enough that the species

can coexist.

A consequence of having e<m is that the relative proportions of
potentially coexisting species in any given lake are less predictable.
Variaticn in the extinction rate will determine how many propagules survive,
but the pressure will never be sufficient to drive a species to extinction.
Therefore the variation in the proportions of coexisting species in different

patches will be a function of the variation in the intensity of the extine-

tion rate, or in some cases the migration rate, between patches. For example,

the predation pressure of fish on C, flavicans, C. punctipennis,'and C.
epivittatus is not likely to be as constant as it is on C. americanus,
because in most cases it would require the fish to dive into anoxic regions
to feed. Whether fish do this is probably dependent on the abundance of

alternate prey. I1f alternate prey were low, then predation on the Chaoborus

R




e

102

species normally found in fish-lakes could be expected, but it would not
be expected to be of high intensity throughout the year, Predation pressure
on ¢. americanus, however, would always be expected to be high. FPersonal

observations agree with this general prediction. In the UNDERC lakes with

C. punctipennis and €. flavicans, variation in the proporticns of the two
species varies between lakes and sometime between years.

Alternate prey also appear to be important to the coexistence 6f C.
americanus and C. trivittatus. Therefore fluctuations in zoopiankton
densities may affect the extinction rate of C. trivittétus when the two
species coexist.

Migration rates between lakes could also be affected by predation
pressure in, and the productivity of a given lake. Both of these factors
influence the total population size which would in turm affect the number of
migrants. Thus this also could lead to unpredictability of coexisting
species proportions.

The third relationship that could exist between e and m is that E<KQ.
This would be the case in which the migration rate of a species from other
lakes would be high enough to swamp the extinetion rate in a particulax
lake, and thus allow for the persistence of that species in that lake by
constant - reinvasion. There appears to be an example of this in the literature.

In Hamilton (1971), one lake has four species of Chaoborus, C. americanus,

C. brunsgkilli, C. flavicans, and C. punctipennis. Although it is not known

whether this lake has fish, it is a small lake which is located near some

very large lakes. It would be expected that the large lakes have fish and

consequently C. punctipennis and C, flavicans. A possible explanation for

the composition of this small lake could be that it is a lake without fish,

which would be expected to have C. americanus and C. brunskilli (closely
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related to G. trivittatus). The presence of C. punctipennis and C. flavicans

could be due to high migration yxates, from the nearby large lakes, which are
Large cnough to override high extinction rates.
Evidence that reinvasion of lakes can be very rapid is the fact that

c. punctipennis was present in the bog to which fish were added one yeatr

after the manipulation. They had not been there before.

Thus, in general the distribution of Chaoborus species among the lakes
at UNDERC is well described by considering UNDERC as a region having discrete
patches of three slightly different habitats. The Chaoborus species are able

to migrate between patches, but thelr ability to survive in any one habitat

depends on the difference between the extinction rate and the migration

rate in that habitat. The purpose of this study was to determine the

processes responsible for the high extinction rate of certain species in

particular habitats.

Migration and extinction are important ecological system begides

aquatic systems. Admittedly, these rates are usually difficult to measulé.

As habitats become less discretely bounded and tend to intergrade with one

another, the complexity of these systems increases and it becomes more

difficult to estimate the importance of these processes. In spite of these

problems, in many cases it may be better to consider the dynamics of a

system in terms of the differences in these rates.

In conclusion, it is important to point out that when attempting to

explain patterns of coexistence and exclusion of species, the species of

interest must be considered in the context of the dynamics of the comuunity

or ecosystem of which they are a part. Levins et al. (1973) summarized this
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succinetly, "An understanding of the coexistence pattern requires the
integration of analyses of regional extinction-migration dynamics, local
commmity structure, the autecology (sic) of species' niches, and the

behavior of species in contact." I think this study has demonstrated

this to be true,
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