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ABSTRACT

In the two experiments of this study, the effects of winterkill on four species of snails
were tested. These laboratory experiments employed multiple replicates, while
controls were used to isolate differential effects of hypoxia and low temperature.
Destructive sampling was used to monitor differential mortality between species, and
the rate of DO decline. The organisms' own respiration was the means of lowering the
oxygen level in these tests. In the first experiment, conditions of winterkill were
mimicked by exposing the organisms to low temperature, hypoxia, and darkness. The
data did not indicate threshoid levels of oxygen tolerance. Further, the effect of hypoxia
on mortality proved to be minimal. In the species studied, resistance to winterkill
conditions proved to be greatest in Lymnaea emarginata, followed by Amnicola sp.,
Helisoma campanulata, and Gyraulus sp. The second experiment subjected two§
populations of Amnicola (one from a winterkill lake, and one from a non-winterkill
lake) to summerkill conditions in an attempt to demonstrate the selection of stress-
resistant traits in a population exposed to a severe environment. The results from this
test indicated that hypoxia actually increases survival rate, and that individuals from a
winterkill lake are actually more poorly adapted to conditions of stress than are those

from a more environmentally stable lake.

INTRODUCTION

In many north temperate, dimictic, lakes of the United States, the arrival of winter is



accompanied by the freezing of the water's surface. As a result, atmospheric oxygen
no longer diffuses over the air-water interface. Further, as snow accumulates on the
ice, less sunlight penetrates, and photosynthesis of autotrophic algae declines
precipitously. Thus, the fauna of these lakes have access to a finite amount of oxygen
while the lake is so covered. In shallow or eutrophic lakes, this oxygen may be quickly
used by organisms (Hargrave 1969), thus yielding hypoxic, and in some cases anoxic,
conditions (Nagell and Brittain 1977) . Oxidation of the sediments and ice formation
itself also contribute to this state of hypoxia by consuming dissolved oxygen (Brewer et
al. 1977). These severe conditions of low temperature and hypoxia often result in
increased rates of mortality in certain of the lakes' species. Death due to such causes

‘ Ls known as winterkill. Previous studies have demonstrated winterkill in fish
§

:LM% (Casse!man and Harvey 1975) and in crayfish and snails (Funk 1988).

r

Another ecological phenomenon, known as summerkill, occurs in the same type of
lakes that exhibit winterkill. In late summer, the rate of decomposition in these Iakgs
may excede that of oxygen production by autotrophs. This results in hypoxic condjitions
which may lead to increased mortality among the lakes' species.

Experiments: This study sought to determine some of the specific effects of
winterkill and summerkill conditions on organisms which typically inhabit the lakes in
which these phenomena occur. Various pulmonate and prosobranch snail speciés
constitute a large proportion of the animal biomass of these lakes, and previous |
studies of winterkill have involved these organisms (Funk 1988). Because of the
ecological importance of the gastropods, and in an attempt to test the results of such
previous experiments, these were the organisms chosen for study.

The various families in the order Pulmonata exhibit varying degrees of aquatic
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adaption, while the pulmonates as a whole display differing adaptive plasticity and
physiological adaptations to aquatic living than do the prosobranchs. Thus, for the first

experiment, several different taxa were selected for study in the hopes of



demonstrating the differential resistance to winterkill conditions resulting from such
adaptions. The ecological ramifications of winterkill in these species are many and far | Yuke «

. . , . . _— [ oo
reaching. As various snail species comprise such a significant percentage of the confidoid
animal biomass in these lakes, they represent an integral component of the trophic bare., Ko
) . - . _ | kww Navg
interactions of such communities. More specifically, because snails are grazers of st Hare
periphyton, and the principal food source of many crayfish (two m/gre crucial | wfﬁakad -

[
components of the lake ecosystem), it is obvious that markedillation of their
population density as a result of winterkill can have strong implications on the

community structure of the lake. Given data on the DO, temperature levels, and

species composition of a given lake during the winter, quantitative knowledge of fhe
differential effects of temperature and of hypoxia on the various denizens of such a
lake would ate the prediction of the specific ecological effects of winterkill on that
lake in the futuraéhe—ae&uisiﬁen-eé such knowledge, obtained by mimicking the |
conditions of a winterkill lake, was theT goal of the first test of this study. |
Specifically, the ultimate goals of the first experiment were as follows: 1) to L fes o

w I A
determine the existence of possible threshold/DO levels at which mortality significantly Fheorlelds ?

increases; 2) to determine the differential effects of hypoxia versus temperature on

snail mortality through the use of controls; and 3) to determine the differential
resistance of various snail species to winterkill conditions.
The second experiment used two populations of one species of snail, Amnicola
sp., to study the evolutionary implications of winterkill conditions. By determining the
ability of populations of Amnicola from both winterkill and non-winterkill lakes to
endure environmental stress, it was hoped that the natural selection of environmental
tolerance might be demonstrated. By subjecting the snails to conditions of summerkill ,
the ability of these organisms to withstand environmental stress was tested.
Summerkill can similarly be expected to have significant impact on the community [ 2n e

structure of lakes so affected, and thus is also a phenomenon worthy of attention. | e
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METHODS AND MATERIALS

D
- s

Experiment A: This test of winterkill cond|t|on§,ln{olved three pulmonate and one
prosobranch species of gastropod: G’graulus (sp{Hehsoma campanulata, Lymnaea
\rwese 4+~

immasginata, and Amnicolé”(‘éﬁ respectively. Pnor to setting up the first experiment,

these four species were collected over a period of several days from various lakes in

northern Wisconsin (Table 1). All the individuals of a given species were collected World
from a single lake, and each species was maintained in a separate,Jm “E;MQ%
filtered, ten gallon aquarium until the first experiment was initiated. Macrophytes r;tnd :f?j; ﬂ Aj
periphyton covered rocks were provided as a food source for the organisms. : oS f"‘ﬁ’z
e o

Five md;ylduals of each of the four species were placed in each of sixty, one- quart

f ars. ﬁ' hese}were divided into six time interv %jls each consisting of five expenmenfal

and five control replicates. Thirty of each species were measured usmg vernier j t

Sermaain

calipers (Appendix 1). The jars were then completely filled with ther contalmng
6.0 ppm DO, and the snails were added to these jars. The experimental replicates
were then sealed with the jar lids, while the contro! replicates were covered with
pieces of fiberglass mesh held on with rubber bands to allow oxygen to dissolve over
the air/water interface. Using this method, the organisms therﬁ”@‘s lowered the DO
levels in the experimental replicates, while individuals in the controls had access to a
constant oxygen supply. The jars were then placed in a 14°C refrigerator. The bulb
was removed from the refrigeratior so the organisms would not be exposed to light
when the refrigerator wasfopened to remove the intervals. This was done because the

To e :
organisms would have no contact with light under the natural conditions which we

sought to mimic. Over the next five days, the temperature was gradually lowered to 4C

(Table 2), the temperature of water in the benthic zone of a lake in the winter. To

accomplish this, the thermostat in the refrigerator was changed nightly using only



indirect light from a flashlight so as not to ellicit any zeitgeber responses in the

organisms. This method was also used during removal of the six intervals of replicates.

During the acclimation of the organisms, only the control replicates had access to

atmospheric oxygen. The experimental replicates were also to be exposed to the ‘alr to

eliminate the possible confounding factors that might arise if the organisms were

subjected to increasingly hypoxic conditions during temperature acclimation. For in in

lake, hypoxia would not occur until after the water had reached its minimun

temperature. However, the potential confounding factors associated with removing

replicates into the warmth of the laboratory in order to seal the experimental jars were

deemed to be more significant. Intervals were removed irregularly, MO E&JM o

yield the most revealing data concerning the mortality rates of the organisms. As R

——

destructive sampling was used, the organisms were not returned to the experiment P I

.
following the removal of an interval. Certain intervais included replicates which wej Frg AL
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partraliy frozen due to a malfunctron of the refrrgerator Upon removal, the lids and Mo

R NL, '\-..

mesh were removed from the rephcates, and temperature and DO readings for each Mﬂ)f’“

replicate were immediately taken using an oxygen probe. The organisms from each %
replicate were then removed from their jars and placed in individual drshes contammg %«

oxygenated, room temperature water in an attempt to revive them After a revrval MNMQ
SIS e e b um vy Sty e
period, mortality was recorded for each specres in each replicate. \op \,ﬂk”'

Experiment B: For this experiment, Amnicola were collected from both highl)ﬁr
eutrophic Kickapoo Lake, which was believed to winterkill, and the larger Tendertoot
Lake which was not believed to do so. Snails from the two lakes were maintained for
one day in separate aquaria, equipped as were those in experiment A. Thirty
individuals from each of the two populations were measured with vernier callipers
(Appendix 2.), and 300 from each tank were counted)m(to be usea in the test. This

experiment was structured as the previous one had been, using six time intervals ot
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five experimental and five control replicates removed at irregular intervals. Each!
replicate again consisted of five individuals from each of the snail populations hel1d in
a one quart jar. To separate Tenderfoot snails from Kickapoo individuals, the |

individuals from each of the two populations were marked with a different color

|
permanent marker prior to the test. After marking, the snails were added to the quart Ao nine
jars which were once again either covered with wire mesh, or sealed with the lids of

the jars. However, in order to ensure that no air was inadvertently sealed into the jars,

the lids were screwed on while the jars were held under water, a procedure not

employed in experiment A. Jars were maintained at room temperature (19 C) for the

duration of the experiment, as the data from the previous test indicated that the quick

acclimation (Table 2) of snails to winter temperatures in the middle of the summer may

have been a significant confounding factor. The organisms were similarly exposed to

the natural photoperiod which they had been exposed to in their native habitat before

collection. As previously, when jars from a given time interval were removed, the DO

was determined for each replicate using the oxygen probe, and mortality was recorded

after allowing the individuals to revive in aerated water.
RESULTS

Experiment A: Mean levels of dissolved oxygen dropped sharply in the

experimental replicates during the five day acclimation period (Fig. 1). After this pbriod,

e

= BlcCuSen,

-

the DO levels decreased very slowly, but never reached zero@ a trend can bé

explained by the fact that snails consume less oxygen at low temperatures
(Buckingham and Freed 1976). The DO levels in the controls rose briefly, then also
slowly decreased. An a%?é;e of three ppm DO was still present in the control
replicates at the conclusion of the test (Fig.1). ‘

In both the experimentai and the control replicates, mortality of all species weis
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approximately proportional to time (Figs. 2 & 3). In both the control and the

experimental replicates, Gyraulus sp. exhibited the highest mortality rate, while tr?e
patterns of mortality in the three remaining species were very similar {o one anotﬁer in |
both the control and the experimental replicates. By examining the total number of f
individuals surviving in all intervals combined, however, it appeared that Lymnaea ?
_ !’

fared best under these conditions followed by Amnicola, Helisoma, and Gyraulus| {
respectively/(Tab.3c). ~ Do WOT W6te viaTe  Table 5 |

N o
When the rates of mortality in the experimental replicates were directly compared to ( W
The | | '

those in the controls, there appeared to be very little difference between the two. The ﬁw’*j

gk

AT N
“ Gerall mortality rate)was, howsver, slightly higher in the experimental replicates
e e—E——

(Fig.4).
Of the four snails in this test, Helisoma appears to be the one most adversely |

affected specifically by hypoxia, as the ratio of total experimental survivors compared

to total control survivorship was the lowest for this species (Table 3f). Using this ratio

as an indication of relative resistance to hypoxia, the second most susceptible species
appeared to be Lymnaea, foliowed by Amnicola and Gyraulus respectively.

periment B: In the second experiment of the study, oxygen levels in the controls
)

Ex
remained high and relatively constant for the duration of the experin;é:/ig. 5)... The

DO levels in the experimental replicates, however , displayed/ap olic approach to
/

zero. ﬂ,.,/ 71%'; N

In both the hypoxic, and the fully oxygenated replicates, the survival rate of the A
Amnicola collected fromeenderfoot Lake was h|gher than was that of the Kickapoo :J:zz
. g~ %

Amnicola-(Fig. 9).
The-mortality rate of both snail populations proved to be markedly lower in the!

experimental replicates than in the controls (Fig. 8).
In both the experimental and the control replicates, the patterns of mortality were

extremely inconsistent between intervals, with a much higher mortality rate exhibited



by the second interval than by the fourth.

DISCUSSION

% Both experiments tried to avoid pseudoreplication through the use of(multiélésiof?‘ W\MJ

enticap replicates. They further attempted to anticipate and counter confoundlng ”' L)\b
factors when possible. These attempts were more successful than in previous tests ‘ M 1 :
(Funk 1988) in several important respects: 1) the use of controls allowed the
examination of the differential effects of hypoxia and low temperature on mortalityf; 2)
lower DO levels, more closely approximating anoxic conditions, were attained; 3) the
use of destructive sampling allowed for more accurate determination of death in g Js TM

B

individuals; 4) far more replicates were used, thus yielding data far more statistically |]ZMW'§;_ Yoy
o]

significant. Thus, the data from these tests were probably gore precis@, more accurate,LW
7" am

4
fore strongly supported,\and more illuminating than were those of the previous study. 74'

The introduction of new methods, however, also resulted in further unforjs’een
difficulties (see discussion of individual experiments below). Such methodological
problems may havea#ie%enced results to a significant extent. The greatest
confounding factor, however, was probably that of starvation. This factor was also
believed to have confounded the data of previous tests (Funk 1988). In both
experiments, the organisms were fed betore the test, but provided with no food foe% its
duration. However, over-wintering snails presumably do have ample detritus to feed

_ron under natural conditions. Although the metabolism of benthic organisms slows

considerably in the winter, various studies have connected starvation with oxygen ﬁe CMU&‘"

—

consumption in both prosobranch snails (Studier and Pace 1978) (using Vivaparus
contectoides), and in pulmonates (Calow 1974) (using Planorbis contrortus). Thus,
lack of food may have artificially increased mortality rates in the tests by increasing the

need for oxygen among the organisms, as well as by simple deprivation of nutrition.



The reason that food was not provided was to avoid the accumulation of toxic

metabolites from decaying food and the organisms' waste products as it was believed

that these might act as a confounding factor by artificially increasing mortality. Indeed,

in an experiment involving erpobdellid leeches (Davies et al 1987), high metaboléte

concentrations were found to contribute to death. As dead organisms were not ableto—
_be’removed during our tests, however, their decomposition may have raised the

metabolite concentration of the water to unnatural levels in spite of all efforts to the

contrary.

Experiment A: Three problems were specific to the first test: 1) Because the jars

were sealed by fit!ing«the—}a@'to/ overflowing and.then attaching the lids, it is feasible

that air bubbles may have been trapped in the jars, resulting in a heterogenous

oxygen distribution which may have been differentially accessed by the various

species in the test. (E.g., the pulmonates, which are capable of~brea+h'mg—&a?§t‘gﬁng

atmospheric oxygen, might have taken advantage of these pockets while the

prosobranchs could not.). 2) As the experimental replicates were acclimated und(jar

conditions of limited oxygen, they were subjected to the additional stress of hypo;(ia

during their period of adjustment to lowered temperature, while the control replicates

were not (Fig. 1). This could have resuited in artificially heightened mortality

throughout the experiment from the effects of this additional stress. 3) The malfunction

of the refrigerator resulted in the partial freezing of some replicates in four of the

intervals. Such freezing resulted in greatly lowered DO in certain control replicate's,

and may have resulted in higher mortality rates in both experimental and control

replicates. As the extent of this freezing varied extensively among replicates and

between intervals, there is no way to adequately interpret the effect that this had upon

the data attained. The above-mentioned problems detract from an otherwise well- )

n
conceived experiment, and limit thecleveJ—;—sEniﬂcance which-can-be-assigned-e.the
data ebtained— |
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~To determine-what-this_experiment-reveals-the-data-must-be: examlne;zt’ as-it
oAl (mand
-—pesrains-to-the three issues whaeh-thlsiest-eeugh{—te explore&

1) Threshold DO levels: In the experimental replicates of the first test, the DO levels
dropped sharply during the period of acclimation and decreased much more slowly
thereafter (Fig.1). However, mortality rates in all species (with the possible exception of
Gyraulus) declined at an approximately linear rate both during and after the
acclimation period in these replicates (Fig.2). These trends certainly do not support the
hypothesis that the species under consideration can only survive in water of oxygen
concentrations above a distinct level. The fact that mortality in the control replicates

exhibits a similar trend (Fig.3) supports the idea that no threshold DO levels exist for

these species. Previous tests also support this conclusion (Funk 1988).

2) Differential effects of hypoxia and low temperature on mortality: Bﬁ%
_control replicates inswhiet=trerargarisms were-subjected10-lowW.temperatures ot
were-exposed-to-oxygen}, and experimental replicates-(which-were-exposed-to-bath__

) . . ”J‘P—“"f’ & ;;i;ﬁ"‘““ ~
49w—temperafure=anei~hyp : 5 rbale-tve-isolategthe effects of .
-
Figures b#e-and—+hfere-suggest that there was very little difference between the rates of

mortality exhibited by the control and experimental replicates. tedeed, although more
- |

deaths did occur in the experimental jars, the difference between the two was small
(Table 3d). If hypoxia was 'md@ers’ignificant factor in the mortality of the organism%\a
high ratio of death in the experimental replicates to that in the controls would be
expected. This was not the case, however (Fig.4). The results of this experiment |
strongly suggest that hypoxia is of minimal influence on mortality in the species
studied. As significant mortality did occur, however, it would appear that this must be
attributed primarily to the effects of sustained exposure to low ’[emparatlj‘a\rre/i Ye;: as truly
anoxic conditions were never reached, the results obtained are consistent with the
possiblity that low DO could be a major factor in winterkill lakes in which DO levels

consistently lower than those attained in this test are the norm.
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The pattern of resistance to hypoxia (see results) is curious as Planorbid snails
such as Helisoma possess hemoglobin in their blood, and thus are able to @@
oxygen very efficiently (McMahon, 1983). The prosobranch snails are generally more
strictly aguatic than the pulmonates, and possess gills which allow them to extract
dissolved oxygen from the water (Aldridge 1983). It is thus not surprising that Amnicola
was relatively unaffected by the lowered oxygen levels. Gyraulus appeared to be the
least affected by hypoxia in this test, but as very few survived in any intervals in either
the experimental or the control replicates (Table 3c), and as the vast majority of tHem
died before oxygen levels became greatly lowered (Fig. 1, 2, &3) the significanceiof
this is questionable.

3) Differential resistance to winterkill conditions among the species studied:
Assuming the differential effects of confounding factors to be equal between species,
Gyraulus clearly appears to be the least resistant species to winterkill conditions. The
other three species demonstrated patterns of mortality very similar to one another. The
total number of surviving individuals, however, indicates that Lymnaea emmarginata
was the most resistant to winterkili, followed by Amnicola sp., Helisoma campanuiata,
and Gyraulus sp., respectively. In light of earlier studies of winterkill, these results
were rather surprising. In a previous test, Helisoma campanulata was found to be
significantly more resistant to winterkill conditions than was the species of Iymnaéid
snail used in that test, which in turn was more resistant than Amnicola (Funk 198%). As
puimonate snails are generally better adapted to fluctuations in temperature and DO
levels than are the strictly aquatic prosobranchs, and since the planorbid pulmonates
are better adapted to aquatic living than are lymnaeids (McMahon 1983), the results of
those tests were as expected, while those of this are questionable.

The various problems and confounding factors, especially starvation, which

influenced the results of this test ensure that any conclusions derived from them are of

limited certainty. The consistently low ratio of experimental to control mortality was,



however, intriguing. Despite the difficulties encountered in this test, the apparent!y

small influence of hypoxia on mortality is of great interest, and if accurate, of great

significance.
Experiment B: The primary purpose of the second experiment was to determine

whether exposure t@@m‘ll conditions has indirect as well as direct effects upan %

snail populations. The direct effects of winterkill on the montality of individuals w S
tested in experiment A. Experiment B, then, sought to demonstrate that winterkill ‘
indirectly affects populations through the natural selection of individuals which are
more resistant to these conditions. The hypothesis was made that a population of
resistant individuals would result from such selection, and that these individuals would
also be more resistant to environmental stress in general. This hypothesis was then

tested by subjecting these individuals to summerkill conditions. This test was

J

conducted with the assumption that Kickapoo (a small, shallow, eutrophic lake) was a WA

winterkill lake, while Tenderfoot (a comparatively large, deep, oligotrophic ake) did 1< <ol
not exhibit this phenomenon. | hypothesized that snails from Kickapoo (in this casie

Amnicola sp.) would thus be more resistant to severe stress than would snails of the

same species from a lake with relatively constant environmental conditions. ‘

DO consumption in both the control and the experimental replicates exhibitedi
expected patterns (Fig.5). The DO levels in the controls remained constant while those
in the experimental replicates declined parabolically in accord with the fact that |
increased snail mortality would result in fewer individuals to consume the oxygerll.
[This pattern does not take into account the affect of bacterial decomposition on D‘O
levels, but as DO levels of 0.0 ppm were not attained in either of the two tests in this
study, or in a previous study (Funk 1988), it appears that the ability of decomposition to
consume significant amounts of oxygen is minimal.] The rate of oxygen consumpt!ion

and of mortality was considerably higher in this experiment than in the first test ‘

because temperature correlates positively with metabolic rate. The confounding éffects
|



13

of starvation may also have increased in this test, however, as no food was provided in
the experiment to accomodate the increased metabolic needs of the snails.

The remainder of the results, however, were completely unexpected. The most
striking trend was the seeming discrepancy of the mortality rates exhibited between
intervals. As stated above, the DO levels in the experimental replicates consistently
dropped over the duration of the experiment. However, the number of individuals
surviving actually increased significantly in the second, third, and fourth intervals, lafter
dropping to below 10% survivorship in the first interval (Fig.6). Further, this pattern was
followed by the individuals in the control replicates as well (Fig. 7). Several possible
explanations for these trends exist, but none are very satisfactory. Jar effects do not
seem to be a satisfactory answer, as the jars were randomized before the organisms
were added at the start of the experiment. Simple chance could have played a role,
but this is unlikely given the relatively large number of individuals (600) used in this
test. Another possibility is that the quality of water used to fill the replicates and revive
the snails may not have been consistent. The running water at U.N.D.E.R.C. contains ,}é

e w vels of dissolved minerals,.and the concentration of these minerals varies

significantly as evidenced by the ever-changing tint of the tap water. 1t is thus possible

|
these same intervals contained mineral levels lethal to the snails. Factors such asl this

that the water used to fill the replicates of certain intervals, or to revive the organisms of
could have resulted in the high mortality exibited by the first two intervals of this
experiment.

Perhaps even more striking was the fact that mortality rates in the control replidates
were actually higher than those in the experimental jaré. (Fig. 8). Again, no rationeh
explanation for this trend could be deduced. Jar effects are an improbable cause 'ifor
the reasons given above. As the same water was used to fill both experimental and
control replicates, and to revive experimental and control organisms, varying water

quality is similarly an unlikely explanation. One possibility is that Amnicola are
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capable of depending upon anaerobic respiration when DO declines to a given level,

and that this ability allowed the anaerobic individuals to survive better than the
aerobically respirating controls. This explanation, too, seems highly implausible. |
Finally, the data indicate that the Tenderfoot Amnicola were actually more resi
to the experimental conditions than were the Kickapoo snails (Fig. 9). These resu
directly contradict the proposed hypothesis. As Kickapoo Lake does have an inle
providing an external water source, it is possible that the oxygen in this water is
sufficient to prevent conditions of hypoxia from arising in the winter. If this is indee

case, the assumption made at the beginning of the experiment that Kickapoo exh

winterkill was false.The data attained could still be consistent with the notion that

Kickapoo is a winterkill lake, however. Any lake provides heterogenous environments,

and these various habitats may be differentially exposed to winter kill conditions {

et al 1987). For example, the Amnicola from Kickapoo Lake were collected from t

underside of the lily pad Nuphar. These leaves float in the uppeof the water,

far from the sediments where decomposition rapidly consumes oxygen. The Amn
from Tenderfoot, however, were collected from the sediment, among very small, s

macrophytes. Upon the arrival of winter, the Kickapoo snails, living in the most

stant
ts

t

d the

bits

Baird

he

icola

hort

oxygenated portion of the lake, might not be subjected to hypoxia for some time, while

the sediment-dwelling Tenderfoot snails woulg: _be/b,e/exposed to low oxygen much

earlier. Thus, although the main water mass of Tenderfoot might never reach a

significant state of hypoxia, the particular habitat sampled for this test might contain a

population of snails relatively resistant to environmental stresses such as low oxy

gen.

Overall, the results from this experiment appear quite questionable, and certainly

unsatisfactory. It is possible that the mineral content of the water resulted inthe
\
unusual patterns of mortality, and that the heterogeneity of lake habitats accounts'

the hardiness of Tenderfoot Amnicola. However, even if this is the case, the high,

mortality of the controls cannot be accounted for, and may indicate that the data

for
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attained in this experiment as a whole is unreliable. Further, the effects of starvation,
heightened by the high temperature at which the test was conducted, cannot be
ignored.

General Discussion: The first experiment was marred by a malfunctioning
refrigerator, unequal acclimation, and pockets of air which may have resulted in the
unexpected patterns of winterkill resistance between species that were attained (Table
3c). Due to unknown causes, the second test yielded unexpected mortality trends and
experimental/ control mortality ratios the reverse of what were expected. More i
importantly, the effects of starvation were unaccounted for, and possibly very
significant in both tests. However, while both experiments were frought with potential
confounding factors and mysterious trends, one pattern was consistently exhibited:
namely the apparently small influence of hypoxic conditions on the mortality of the
organisms studied. This pattern was demonstrated both in the apparent lack of
threshold DO levels, and in the low ratio of experimental to control mortality. It is
possible that what appears to be a definite trend is actually no more than the
combination of confounding factors and chance. However, the consistency of this trend
between intervals, and in the two separate tests is disquieting, and entails that the

extent of hypoxia's influence should at ieast be exposed to closer scrutiny.



ACKNOWLEDGEMENTS

I would like to offer my sincere thanks to the University of Notre Dame for providing me
with such a unique experience in biological research, and to Mr. Bernard J. Hank
whose generosity made my participation in the U.N.D.E.R.C. program possible. | would
especially tike to thank Dr. David Lodge, who introduced me to the world of the
scientific method, and who has catalyzed my metamorphosis from student to scientist. |
am also grateful to Dr. Jane Aloi, whose uninhibited, unpretentious enthusiam for
biology ensured the success of the program she so capably directed. Special mention
is deserved by Robert Houlihan for saving me from despair by locating elusive snail
populations. Lastly, | wish to thank the U.N.D.E.R.C. class of 1988 whose positive
attitude provided an atmosphere conducive to scientific research.



LITERATURE CITED

Aldridge, D.W. 1983. Physiological ecology of freshwater prosobranchs, pp. 329-358.
In, W.D. Russel-Hunter, ed., Ecology, Vol. 6, The Mollusca, Academic Press,
New York, New York USA.

Baird, D.J.,, T.E. Gates, and R.W. Davies. 1987. Oxygen conditions in two prairie
pothole lakes during winter ice cover. Can J. of Fish. & Aquat. Science.
44:1092-1095.

Brewer, W.C., A.R. Abernathy, and M.J.B. Paynter. 1977. Oxygen consumption by
freshwater sediments. Water Res. 11: 471-473.

Buckingham, M.J. and D.E. Freed. 1976. Oxygen consumption in the prosobranch
snail Viviparus contectoides (Mollusca: Gastropoda)-Il. effects of temperature and
pH. Comp. Biochem. Physiol. 53A: 249-252,

Calow, P. 1974. Some observations on the locomotory strategies and their metabolic
effects in two species of freshwater gastropods, Ancylus fiuviatilis Mull. and
Planorbia contrortus. Linn. Oecologia. 16:149-161.

Casselman, J.M. and H.H. Harvey. 1975. Selective fish mortality resulting from low
winter oxygen. Verh. Int. Verein. Limnol. 19: 2418-2429.

Davies, R.W., T. Yang, and F.J. Wrona. 1287. Inter- and intra-specific differences in the
effects of anoxia on erpobdellid leeches using static and flow-through systems.
Holarctic Ecol. 10: 148-153.

Funk, D.J. 1988. Winterkill: the effects of hypoxia and low temperature in crayfish and
snails. Unpublished repont. University of Notre Dame.

Hargrave, B.T. 1969. Epibenthic algal production and community respiration in the
sediments of Marion Lake. J. Fish. Res. Bd Can. 26: 2003-2025.

McMahon, P.F. 1283. Physiclogical ecology of freshwater pulmonates, pp. 359-430.
In, W.D. Russell-Hunter, ed., Ecology, Vol. 6, The Mollusca. Academic Press,
New York, New York, USA.

Nagell, B. and J.E. Brittain. 1977. Winter anoxia--a general feature of ponds in cold
temperate regions. Int. Revue Ges. Hydrobiol. 62: 821-824.

Studier, E.H. and G.L. Pace. 1978. Oxygen consumption in the prosobranch snail
Viviparus contectoides (Mollusca: Gastropoda)-IV. effects of dissolved oxygen level,
starvation, density, symbiotic algae, substrate composition and osmotic pressure.
Comp. Biochem, Physiol. 53A: 199-205,



DO (ppm)

Change in average DO of intervals

T Ave DO expt
-~ Ave DO ctrl

Fig.1.Change in dissolved oxygen levels in first experiment.
Average DO for each interval is plotted. First five days
represent acclimation period of organisms.
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Fig.2.Survival rate of each species in the experimental replicates
of first experiment. Ratio of survivors to total individuals

is plotted for each interval.
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Fig.3.Differential survival of the species used in the first experiment.
The ratio of survivors to total individuals is plotted for each interval.
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Fig.4.The ratio of experimental to control survival in the first
experiment. The average experimental to control survival
ratio is plotted for each interval, Values < 1 indicate mortality

duetoh ox%L:Lymnaca emarginata; H=Helisoma
campanulata; G=Gyraulus sp.; A=Amnicola sp.
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K. Amnicola survival for the replicates of each interval are
plotted for both experimental and control replicates.
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Fig 55 .Change in DO in experimental and control replicates
in the second experiment. Averagg,DO is plotted for

each interval.
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Fig.6.Survival rate of Tenderfoot and Kickapoo populations
of Amnicola in in both experimental and control replicates,
Ratio of surviving Amnicola to total individuals is plotted
for each interval.
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Fig. 7Survival rate of both Tender foot and Kickapoo
populations of Amnicola in the second experiment.
Ratio of surviving snails to total individuals is plotted

for each interval of control replicates.
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Fig.8.Ratio of experimental to control survival in second
experiment. Average ratio of experimental survival
divided by control survival between replicates is plotted
for each interval. Values < 1 indicate mortality due to hypoxia.
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Appendix 1. Shell lengths of snails used in first experiment. All snails were
measured using vernier callipers. Lengths are given in mm.

# Gyraulus sp.  Helisoma campanulata Lymnaea emargimata Amnicola sp.
1 4.625 10.950 16.875 2.700
2 4.675 11.450 16.950 2.850
3 4.725 11.925 17.300 2.850
4 4.750 12.000 17.400 3.450
5 4.775 12.150 17.800 3.550
6 4.950 12.250 19.125 3.650
7 5.050 12.300 19.250 3.675
8 5.150 12.525 19.900 3.700
9 5.175 12.525 20.050 3.700
10 5.725 12.600 20.200 3.725
11 5.775 12.650 20.225 3.750
12 5.800 12.750 20.250 3.800
13 5.825 12.850 20.325 3.850
14 5.900 12.900 20.400 3.850
15 5.900 12.950 20.925 4.900
16 5.925 13.000 21.100 4.000
17 5.925 13.150 21.350 4.050
18 5.950 13.250 21.650 4.100
19 6.000 13.725 21.650 4.100
20 6.025 13.775 21.700 4.100
21 6.050 13.850 22.850 4.200
22 6.250 13.850 22.000 4.250
23 6.275 13.950 22.050 4.250
24 6.475 14.000 22.050 4.450
25 6.650 14.050 22125 4.500
26 6.650 14.075 22.250 4.525
27 6.675 14.150 22.725 4.550
28 6.800 14150 22.900 4.600
29 7.250 14.250 22.950 4.600
30 7.300 14.750 24.300 4.750

Mean: 5.825 13.100 20.025 3.800



Appendix 2. Shell iengths of Tenderfoot and Kickapoo Amnicola in experiment B.
Shells measured using vernier callipers. All lengths given in mm.,

# Amnicola (Kickapoo) Amnicola (Tenderfoot)
1 2.700 2.375
2 2.950 2.500
3 3.150 2.800
4 3.275 3.000
6 3.450 3.000
7 3.450 3.025
8 3.450 3.325
9 3.450 3.450
10 3.450 3.450
11 3.525 3.550
12 3.625 3.650
13 3.550 3.725
14 3.575 3.850
15 3.625 3.850
16 3.625 4.050
17 3.650 4100
18 3.650 4150
19 3.725 4175
20 3.800 4.200
21 3.825 4.275
22 3.850 4.300
23 3.875 4.550
24 4125 4.525
25 4,150 4.550
26 4.200 4.600
27 4.225 4.650
28 4.250 4,700
29 4.275 4.700
30 4,300 4.825

Mean: 3.675%/ 3.725

/



Table 1. Date, lake, and habitat in which species for experiment A were collected.

Species Date Lake Habitat
Gyraulus sp. June 12 Tenderfoot Undersurface of large, flat,
dark rocks in shalow water
Helisoma campanulata June 9 Kickapoco Periphyton on macrophytes
and sediment
@aea emarginata June 8 Plum Lake Periphyton on sediment near

(at Trout Lake) and among macrophytes

Amnicola sp. June 7 Tenderfoot Among gravel and small
macrophytes in shallow water



Table 3. Total number of survivors of control (a) and experimental (b) replicates, and

of both combined (c). Also presented are the total difference in survival A "
between control and experimental replicates (d), the ratic between this Ny 0ot
difference and the total number of survivors (e), and the ratio of experimental | pwdh . Lot
to control survival. The latter two parameters indicate extent to which ,e,,c(,b e s
mortality of a given species is influenced by hypoxia. Higher values for e F s o jr};.;_m,
and lower values for findicate greater influence. of .lu? L 5
\h') t .
* lj e A
Gyraulus sp.  Helisoma sp. Lymnaea sp. Amnicola sp. .
el ’
a. Total # of ctrl 8 67 88 72
surviving
b. Total # of expt 8 49 72 69
surviving
c. Total individuals 16 116 160 141
surviving
d a-b 0 18 16 3
e. d/c 0 0.155 0.100 0.021
i  bla 1.0 0731 0818 0.941
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T ble 2. /Rate at which_organisafé were acclimated during experiment A. When
" organisms first in refrigerator, water temperature was 23 C, and

refrigerator temperature was 14 C.

Date Temperature I(\‘lﬁ{ L MJV{/{“ {M Lf.

June 13 14C

June 14 10C

June 16 8C °c ’

June 17 6C I
June 18 1 G (first interval of experiment) T oo



