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Abstract

Butterflies have been identified as bioindicators, meaning they are capable of
representing the overall health of their environment. Based on this, monarchs can serve as
bioindicators for effects of global climate change on ecosystems. But, to study effects of
climate change fully, it is important to understand how monarchs respond to both natural
and unnatural population controls. Therefore, my goal was to determine if nighttime
temperatures of 30.0 jC, paired with high daytime temperatures of 38.0 |C, adversely
affect monarch life.

Results showed if larvae are exposed to fluctuating high temperatures for a short period
of time, survival rates are low, and, if larvae are exposed to fluctuating high temperatures for an
extended period of time, survival rates are higher but development is slower.

My results contribute important information on survival rates of monarch larvae due to
high nighttime temperatures. This information, paired with the fact that larvae are highly
controlled by natural causes of mortality, such as a predation, indicates that if temperature
changes are abrupt, global climate change has the potential to adversely affect monarch butterfly
populations. However, results suggest that if temperatures change gradually, global climate

change will be less disruptive to delicate ecosystems.
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Introduction

Butterflies are excellent bioindicator®) (which are organisms that are capable of
representing the overall health of their environm@&ntNonarch butterfliesanaus plexippys
are ideal bioindicators because their distinct migration patterns are well established and have
been validated by data,B). Therefore, monarchs can serve as bioindicators for effects of
climate change on our environment. But, to study effects of climate change fully, it is important
to understand how monarchs respond to both natural and unnatural population controls. The
purpose of my two-year study was to investigate the effects of natural controlsNspecifically
predation and parasitismNas well as unnatural controlsNspecifically climate changeNon
monarch butterfly development and survival.

In 2007, | focused on the effects of natural controls, specifically looking at two specific
natural controls. My study showed that predation significantly influences mortality rates of
monarch eggs, first instars, and second instars (Figure 1). Results showed that the most common

Figure 1. Monarchs develop from egg to fifth

instar through five individual instar stages
(http://www.mImp.org/monitoring/Guide/Instarimages/
5_instars_c.jpg modified by author)
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cause of death was disappearance of eggs and larvae, which can be attributed to predation based
on analysis methods used in past studgsResults also showed that aphid presence and

herbivory were associated with egg and first-instar mortality, suggesting that ants are a likely
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cause of predation in these stag®d)( Results from my parasitism study showed that 4% of
monarch larvae died from tachinid parasitism; however, those results were not statistically
reliable because sample sizes were too small to analyze. A possible reason for the low sample
sizes is that tachinid fly parasitism of monarch larvae was in a down-8ysle@verall, my

study on natural controls showed that of the 350 eggs laid by a female butterfly, only 3%
survived to the third-instar stage, indicating that survival is very low when monarchs are
subjected to natural factors.

In 2008, | focused on the effects of unnatural controls, investigating effects of heat stress
on monarch mortality and development. Work by Brower (1985) and Urquhart (1987) showed
that monarch development and survival is dependent on ambient temperatures, as shown by their
migration behavior@,7). Monarchs migrate to southern Mexico for the winter to avoid cold
temperatures in the northern United States and migrate north into the United States in the spring
to avoid hot southern condition8) (A study by Zalucki (1982) established that prolonged
exposure to temperatures of 29.0 jC can be detrimental to monarch larva development, and
further work by Malcolm et al. (1987) showed that constant exposure to extreme temperatures
over 33.0 jC for five days can be fatal to monarch lar@aE)(. These studies focused on
constant exposure to high temperatures, but it is important to take into account the fact that
temperatures fluctuate daily in natural conditions. A current study by Batalden (2008) mimicked
diurnal patterns, exposing larvae for 12 hours to daytime temperatures of 38.0044.0 {C while
adjusting nighttime temperatures to 25.0 jC for 12 halis Contrary to the Malcolm study,
Batalden found mortality rates around 20% when monarchs were exposed to fluctuating
temperatures. However, these studies all used 25.0 jC as the default nighttime temperature, and
no extensive research has been conducted to determine whether a diurnal pattern of high daytime
coupled with high nighttime temperatures affect monarch development and survival. Therefore,

my goal was to determine if nighttime temperatures of 30.0 jC, paired with high daytime
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temperatures of 38.0 jC, adversely affect monarch larval mortality, larval development, or adult
butterfly health.
Methods

Preparation of Larva Container$irst, 260 containers were numbered, and each was
prepared with one piece of water-soaked filter paper, one to two milkweed |l&aetpias
syriacg, and one lid fitted with breathing holes. An individual, first-instar monarch larva was
added to each container.

Heat-Stress Study total of 260 monarch larvae were used for experimentation: 240 in
the test group and 20 in the control group (Figure 2). Test larvae were placed into a test incubator
in sets of instars: 80 as first instars, 80 as third instars, and, 80 as fifth instars. All test larvae
underwent heat treatment in the incubator set to a 12-hour daytime cycle at 38.0 {C and a
12-hour nighttime cycle at 30.0 jC. Within each test-instar set, 20 larvae were heat treated for
one day, 20 for two days, 20 for four days, and 20 for six days. Control larvae were kept in a
control incubator set to a 12-hour daytime cycle at 30.0 jC and a 12-hour nighttime cycle at

25.0 iC.

Figure 2. Larva Groups: Control Group (12-hour daytime cycle at 30.0 jC/12-hour nighttime cycle at 25.0 jC)
and Test Group (12-hour daytime cycle at 38.0 jC/12-hour nighttime cycle at 30.0 C)
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Daily Protocols:Monarch larva development was monitored daily, starting at 10:00 am;

each larva was assessed to determine instar stage. If the larva had grown since the previous day,
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the new instar stage was recorded. Simultaneous to monitoring development, all containers were
cleaned by removing frass and old milkweed leaves. One new piece of water-soaked filter paper
was placed in the container, along with one to two fresh milkweed leaves.

Statistical AnalysisJIMP statistical analysis software was used to analyze effects of two
independent variables, the instar stage at which larvae began heat treatment, referred to as Oinstar
stage,O and the number of days larvae underwent heat treatment, referred to as Oheat duration,O
on three dependent variables:

1. larval mortality, referred to as Ototal deadO;

2. larval development time, both total development, referred to as Ototal days,O and days as
each instar stage, referred to as Otime as first instar,0 Otime as third instar,0 and Otime as fifth
instarO; and

3. three indicators of adult butterfly healthNinfection willphryocystis elektroscirrha

neogregarine parasite of monarch butterflies, referred to as Osgrea@npled wings at

eclosion, referred to as Ocrumpled wings,O and wing-length asymmetry, referred to as
Oasymmetry.O

Logistic regression tests were performed to determine relationships between the
independent variables and the following categorical dependent variables: total dead, spores, and
crumpled wings. ANOVA tests were performed to determine relationships between the
independent variables and the following continuous variables: total days, time as first instar, time
as third instar, time as fifth instar, and asymmetry. Both individual and interaction effects of
instar stage and heat duration were tested. A p-value of 0.05 was used for statistical significance.

Results

Monarch Larval Mortality:Figures 3-5 show effects of instar stage and heat duration on

probability of monarch larvae mortality. (See Appendix 1 for Figures 3-26.) Results shows that
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only heat duration had a significant effect on larval mortality (p=0.0325). The parameter
coefficient for this test was -17.8% (Figure 5).

Monarch Larval DevelopmenEigures 6-8 show effects of instar stage and heat duration
on total larval development time. The mean development time of larvae that went into the heat as
first instars was significantly different from the mean development time of larvae that went into
the heat as third instars, with means of 21.8 and 21.3 days, respectively; however, the mean
development time of larvae that went into the heat as fifth instars was not significantly different
from larvae that went into the heat as first or third instars, with a mean of 21.4 days (Figure 7).
Overall, Figure 7 shows that the instar stage at which larvae went into the heat affected total
development time (p=0.0387).

Figures 9-14 show effects of instar stage and heat duration on time as a first instar and time
as a third instar. These variables were not found to be significant factors (p>0.05).

Figures 15-17 show effects of instar stage and heat duration on time as a fifth instar. Figure
15 shows the interaction of instar stage and heat duration had a significant effect on time as a
fifth instar (p=0.0391).

Adult Health:Figures 18-20 show effects of instar stage and heat duration on probability of
spores. These variables were not found to be significant factors (p>0.05).

Figures 21-23 show effects of instar stage and heat duration on probability of crumpled
wings. These variables were not found to be significant factors (p>0.05).

Figures 24-26 show effects of instar stage and heat duration on asymmetry of adult wings.
These variables were not found to be significant factors (p>0.05).

Discussion

My goal to determine if nighttime temperatures of 30.0 jC paired with high daytime
temperatures of 38.0 {C adversely affect monarch larval mortality, larval development, and adult

butterfly health was successful. | found that higher nighttime temperatures do affect larval
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mortality. The time that larvae spent in the heat treatment affected probability of mortality
(p=0.0325); for each day a larva was in the heat, probability of mortality decreased by 17.8%
(Figure 5). This suggests that there is an initial shock for larvae when they are first exposed to
high day and night temperatures, but, after prolonged exposure to fluctuating high temperatures,
monarchs are able to acclimate. Results show that high nighttime temperatures affect total larval
development time (p=0.0387) (Figure 7). | analyzed results further by looking at development
times for days instars spent in the heat treatment as first, third, and fifth instars. Results show that
development time was affected only at the fifth-instar stage (p=0.0391), suggesting that larvae
are more susceptible to heat as they mature, especially when they have not been exposed to heat
earlier in their life (Figure 15). Finally, | found that higher nighttime temperatures did not affect
probability of adult butterflies being infected with spores, having crumpled wings, or having
asymmetric wings, suggesting that heat stress did not affect overall adult butterfly health

(p>0.05) (Figure 18-26).

Conclusion

My study had some limitations. | looked at the effects of high nighttime temperatures at
only one high daytime temperature. In the future, | will conduct heat-stress tests at higher
daytime temperatures of 40.0 {C, 42.0 {C, and 44.00&L (

Results suggested that unnatural causes of monarch mortality, such as climate change,
may severely threaten monarch butterfly populations. Given that global climate change is an
accepted problem today, my study contributes important information on survival rates of
monarch larvae that are exposed to high nighttime temperatures. My study showed that if larvae
are exposed to fluctuating high temperatures for a short period of time, survival rates are low,
and, if larvae are subjected to fluctuating high temperatures for an extended period of time,
survival rates are higher even though development is slower. This information, paired with the

fact that larvae are highly controlled by natural causes of parasitism, indicates that if temperature
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changes are abrupt, global climate change has the potential to adversely affect monarch butterfly
populations. However, results suggest, if temperatures change gradually, global climate change

will be less disruptive to delicate ecosystems.
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Appendix 1. Figures from Heat-Stress Study

Figure 3. Interaction between instar stage and he Figure 4. Effects of instar stage on probability of
duration on probability of mortality (chi-square=7.65 mortality (chi-square=2.572, df=2, p=0.2763)
df=5, p=0.1763)
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Figure 5. Effects of heat duration on probability of ~ Figure 6. Interaction between instar stage and he
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(F-value=3.31, df=2, p=0.0387) (F-value=0.8719, df=3, p=0.4567)
220 220
O 1stinstar

& s & 515 O 3rd instar
§ g Sth instar
£ L
§ 210 § 21.0
% 205 § 205
= =

200 200

1st instar 3rd instar 5th instar 1 day 2 days 4 days 6 days
Instar in Heat Treatment Duration in Heat Treatment

Figure 9. Interaction between instar stage and he  Figure 10. Effects of instar stage on days as a firs
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Figure 11. Effects of heat duration on days as a fir  Figure 12. Interaction between instar stage and he

(F-value=0.2657, df=4, p=0.2657) duration on days as a third (F-value=1.030, df=4
p=0.3936)
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Figure 17. Effects of heat duration on days as a fif ~ Figure 18. Interaction between instar stage and he
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Figure 19. Effects of instar stage on probability of sp  Figure 20. Effects of heat duration on probability o
(chi-square=1.175, df=2, p=0.5557) spores (chi-square=0.3504, df=1, p=0.3504)

Probabiiity of Spores

o o o © ©

o R 8 8 8 23
Probability of Spores

o o o o o

o 8 8 8 B a

1st instar 3rd instar 5th instar 1 day 2 days 4 days 6 days
Instar in Heat Treatment Duration in Heat Treatment

Figure 21. Interaction between instar stage and he  Figure 22. Effects of instar stage on probability of
duration on probability of crumpled wings (chi- crumpled wings (chi-square=1.883, df=2, p=0.390(
square=9.009, df=f, p=0.1087)
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Figure 25. Effects of instar stage on wing asymmel Figure 26. Effects of heat duration on wing asymme
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