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Abstract

Parasites have only recently gained the attention they deserve in studies involving their role
in ecosystems. Using ecological stoichiometry will allow parasite roles to be established. |
attempted to establish parasite effects on hosts by measuring the excretion Nitrogen:Phosphorus
of infected Megarcys signata, infected Baetis bicaudatus, and their parasite free counterparts. |
had hypothesized that the excretion N:P of infected hosts would be greater than the excretion N:P
of parasite free hosts. However, the data is proving that the excretion N:P does not shift for
Megarcys signata of increasing infection level. The shift in excretion occurs from parasite free to
parasitized; the N:P’s of excretion significantly differ. The Megarcys signata mass specific
excretion rates of ammonium(N) and phosphate(P) do increase, but N increased at nearly twice the
rate of P. My interpretation of these results is that the change in excretion is not because of a
functional change in the Megarcys, but simply because of the addition of mites to the overall
organism excretion equation. The increase of N and P excretion reflects the low body N:P of the
water mite parasites. The mass specific excretion of phosphorous and nitrogen from Baetis
bicaudatus were not found to be significantly different as the increased. Since nitrogen and
phosphorus excretion did not change, this implies that the N:P of excretion did not change. The
difference between the effects of mites and Mermithids is proposed to be because of their location

and how they feed on the host.

Introduction

Insect larvae make up a major proportion of the consumer biomass within the streams
surrounding Rocky Mountain Biological Laboratory. As consumers, insect larvae eat algae,
detritus, and other invertebrates. Consumer-driven nutrient recycling is the process by which an
organism consumes another organism and recycles some of the nutrients locked within back to the
environment. After assimilating the fixed nutrients contained in their food resources, the consumer
then excretes some as waste in highly labile inorganic forms, which are easily taken up by
osmotrophs such as plants, algae and heterotrophic microbes, at the bottom of the food chain
(Grimm, 1988). The insect larvae thus play an important role in consumer driven nutrient recycling

(CDNR). Without consumers like the insect larvae, the nutrients locked within living matter and
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detritus would not be available to autotrophs and microbes except through decomposition (Elser,
1999).

CDNR follows ecological stoichiometry; if a consumer is physiologically unchanged, but
their diet varies, then a change in waste excretion will be observed (Olsen et al. 1986). If a
consumer changes physiologically and their diet remains relatively constant, then a change in
waste excretion is observed (Elser, 1999). CDNR can be thought of in terms of the concept of
conservation of mass. The concept follows the simple formula of conservation of mass:
consumption — growth - egestion = excretion. If we were to measure the exact mass of the nutrients
that enter and exit an organism, we could then calculate the exact mass of the nutrients it
assimilated(Elser, 1999). What leaves the system is usually not in the same form as it entered, but
the overall mass is conserved. Adding parasites into the mass conservation equation changes the
value of the growth term in the above equation and consequently changes the exit mass
term(excretion), resulting in less nutrients allowed back into the cycle. To improve the CDNR
model, the inclusion of pathogens and parasites is starting to be explored. This is because parasites
may represent a physiological change in the host by such ways as causing an immune response.
Stream insect larvae can have a number of parasites, and there is evidence that infection with a
parasite can alter rates at which consumers recycle nutrients. This has been shown with snails,
which when infected with trematode worms excreted at higher N:P levels than uninfected snails
(Bernot, 2013).

Parasites are small compared to their hosts, thustheir bodies are low N:P, meaning they
require resources that are P rich.(Elser, 1999) Parasites develop quickly, building high %P
organelles and molecules such as ribosomes and mRNA. At normal population levels of hosts and
parasites, the growth of any particular species could be limited by the availability of nitrogen
because the parasite infection is not changing the nitrogen to phosphorus ratio.. When a parasite
epidemic occurs, the growth limiting nutrient can be shifted toward phosphorous as the increasing
biomass of parasites continously decreaseshost excretion N:P levels. By the principle of
conservation of mass described above, the introduction of parasites now changes the assimilation
term in the formula. What exits the infected hosts is now less than what an uninfected host would

excrete. This effect is amplified as the parasite biomass grows. Parasites can have a negative
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feedback as the parasitized hosts now excrete less P, resulting in other consumers becoming limited
by P and excreting high N:P waste as well. Effectively reducing the P availability within the entire
cycle, limiting growth overall (Bernot, 2013). Past Researchhas shown that by shifting the growth
limiting nutrient from phosphorous to silicate the dominant algae shifted to a different species
(Tilman, 1977). Parasite infections and the degree to which they occur can affect the overall
excretion rate of the host species and the growth of the other members of of the community

involved in nutrient recycling.

Studying the effects of parasites on stream insect excretion helps us understand the role of
parasites in CDNR. How parasites affect the excretion of stream insect hosts and how excretion
varies with the degree of infection are key questions we looked at in this study. By collecting
unparasitized and parasitized stream insects, this study provides some insight into how parasites
affect the host’s excretion N:P levels. I hypothesized that the excretion of parasitized hosts will
differ from the excretion of an unparasitized host because of the physiological change that parasite
infections cause. Specifically, not only would the excretion N:P of parasitized insect larvae be
higher than unparasitized host insect larvae, but as the number of parasites increases so will the

N:P of the host excretions.

Methods

Megarcys signata/water mite larvae (Acari: Hydrachnida)

Individuals of the stonefly Megarcys signata (Plecoptera: Perlodidae) were collected from
different locations within the East River Valley. One site slightly lower than the RMBL town site
(Map 3), one within the town site (Map 2), and one site at the outlet of Emerald Lake (Map 1).
One location along Copper Creek within the RMBL town site was also sampled. We used a 500pum
kick net and collected about 200 Megarcys signata individuals in total. The stoneflies were
separated into different containers based on whether or not they were infected with mites. For each

sample, three individuals were taken from one of the containers and placed into a 710mL whirlpak
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with 120mL of stream water filtered with a 1 micrometer glass fiber filter. Each sample was placed
into a temperature controlled cooler for one and a half hours, to allow sufficient excretion
concentrations to develop. The temperature and time were recorded when the samples were placed
in the cooler as well as when they exited. Phosphorous and Nitrogen samples were taken with a
60mL syringe. Phosphorous samples were kept in standard glass test tubes, while nitrogen was
kept in 60mL Nalgene amber bottles to prevent light degeneration. Using the syringe, we extracted
60mL from each bag. A 1 um glass fiber filter manifold was placed on the tip of the syringe. 10mL
of sample was dispensed into both the tube and the bottle to serve as a rinse. After the rinse, 20mL
was placed into each. The bags containing the insects were then sealed and frozen once we

returned to the lab.

Baetis Bicaudatus/Mermithid

Four-hundred individuals of the mayfly Baetis bicaudatus were collected from two
locations within the East River valley: Upper Rock Creek and Marmot Creek. Marmot Creek has
a high prevalence of parasitized B. bicaudatus, while Upper Rock Creek has a low prevalence. Ten
individuals were randomly sorted from both locations into mesocosms. Three rocks from the East
river were placed into each mesocosms. These rocks provided the necessary algae to feed the
mayfly larvae. The mayflies were allowed to graze on the rocks for three days to homogenize the
diets between the two collection locations. After three days, the Baetis from each mesocasm were
collected and placed into whirlpaks labeled with numbers corresponding to the mesocosms. One-
hundred mL of stream water filtered with a 1.0 um glass fiber filter was placed into each whirlpak.
The whirlpaks were placed into a cooler filled with stream water. After letting the Baetis sit for at
least one hour, we removed them and took samples for phosphorus and nitrogen testing using the
same method used for Megarcys signata excretion samples. The bags containing the insects were

sealed and frozen upon returning to the lab.

General Sample Analysis and Insect Processing
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We used two methods to process excretion samples: POs-P was analyzed using the
molybdate blue method (APHA 1995); NH4-N was analyzed using the flourometric method as
modified by Taylor et al. (2007).

Once thawed, the insects were thoroughly checked for parasites, and any parasites present
were removed and counted. The insects were then placed into pre-weighed scint vials assigned to
each bag which were then placed into an oven to dry. Parasites were placed into pre-weighed
aluminum tins assigned to each bag, and also placed into the drying oven. Both the parasite(s) and
the insects were allowed to dry for at least 24 hours. After drying, both were placed in a container
with desiccant to cool and prevent condensation. Once room temperature, the vials and tins were

reweighed. The vials were then sealed and saved for future analysis of body stoichiometry.

Data Analysis

Data were analyzed using JMP(SAS institute). The t-test was performed with the response
being excretion N:P, and the predictor being infected or uninfected. For Megarcys signata
specifically we regressed mass-specific excretion rates of N and P against the number of mites on
each stonefly, including the excretion values for the uninfected insects (0 mites level). This
analysis was used to determine the effects of ectoparasitic load (i.e., the number of mites) on
stonefly nutrient excretion. For Baetis Bicaudatus we regressed mass specific nitrogen,
phosphorous excretions, and the N:P of excretions against the prevalence of infected Baetis. The

regression was used to determine the effects of endoparasitic load on mayfly nutrient excretion.

Results

Megarcys signata/water mite larvae (Acari: Hydrachnida)

Megarcys signata mass specific nitrogen excretion rates were found to increase as the
number of mites per insect increased as shown in figure 1(R? = 0.433642, p <0.0001, F ratrio =
24.5, dF = 33). Mass specific P(Phosphorous) excretion rates were also found to increase as the
number of mites per insect increased as shown in figure 2((R? = 0.574669, p < 0.0001, F ratio =

43.24, dF = 33). The ratio of N:P did not significantly change as the number of mites per insect
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increased as shown in figure 3. We performed a t-test on the N:P of excretions between parasitized
and un-parasitized M. signata and found a significant difference in excretion stoichiometry
between the two treatments, as shown in figure 4 (p = 0.0175, t ratio = -2.5, dF = 30.35). The mass
of Megarcys signata was not found to significantly differ as the number of mites per insect
increased (R?=0.003939, p = 0.7244, F ratio = 0.13, dF = 33).

Baetis Bicaudatus/Mermithid

Baetis bicaudatus mass specific nitrogen excretion (R?> = 0.009159 p = 0.4789) and
phosphorous excretion (R?= 0.0504, p = 0.0933) were found not to differ as the prevalence per
bag increased. No relationship between N:P ratio and prevalence was found (R? = 0.011528, p =
0.4309).

Discussion

Megarcys signata/water mite larvae (Acari: Hydrachnida)

As the number of mites per insect increased the mass specific N & P also increased.
(Figures 1 & 2). There was no significant change in the N:P of excretion, but there is a significant
difference between parasitized and unparasitized insect excretion (Figures 3 & 4). Excretion
changed no matter the infection level: once a Megarcys is parasitized, the overall excretions start
to increase above that of an uninfected Megarcys. As that infection increases so does the excretion
rates of both nitrogen and phosphorus. To obtain excretion data for Megarcys with over 20 mites,
we will have to collect more samples in the future. The gap in Megarcys data must be filled with
future samples to complete the story.

The data suggests that maybe the mites are taking nutrients from the insects that were not
intended to be excreted by feeding on the hemolymph through the softer section of the exoskeleton.
Without changing the excretion of the Megarcys. If the mites remove nutrients from their host,

assimilate, and then excrete them, the overall excretions would increase. The slope of the mass
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specific P excretion is nearly half (m = 0.0001) the slope for mass specific N excretion (m =
0.0003). This suggests that the N excretion increases nearly twice as the rate of P excretion as the
number of mites per insect increases. This further provides evidence that the increase of excretions
is coming from the mites because of the assumed low body N:P. Their low body N:P results in
their excretion having high N:P as they retain more of the phosphorus they consume (Elser, 1996).
The addition of mites increases the overall excretion of the host and follows the assumed low body
N:P of the mites. The mites feeding on Megarcys are doing what grazer invertebrates do with
algae, recycling nutrients that would have otherwise remained locked up for an extended period of
time.

Our results show that Megarcys P excretions significantly change as the mass increases,
but N excretions do not. If the Megarcys excretions are indeed remaining relatively constant as
the infection number of mites increases, it suggests that the Megarcys is either consuming more
invertebrates to make up for the stolen nutrients or their digestion system is absorbing more
nutrients from the same number of invertebrates. | hypothesize that the Megarcys signata are
increasing the number of invertebrates they consume to make up for the lost nutrients through
infection. My hypothesis came from the data indicating that mites are having no effect on the mass
of Megarcys signata (Figure 5). Also, I think that the Megarcys are already absorbing as much as
they can from the invertebrates they consume. | hypothesize that the total egestion would be a
good place to start looking for answers. By placing Megarcys with no mites and others with
varying infection levels, each in their own containers with smaller invertebrates, the water can be
sampled at intervals of two hours and the total levels of Egestion, N, and P can be compared.
Egestion may be more visible than the excretion studied here. Collection of visible egestion and
comparing them could also help with a preliminary study. | am also interested in determining the
body C:N:P of the mites and Megarcys signata to better understand the proportion of nutrients

assimilated. Body C:N:P can help distinguish the excretions from the host and the parasite.

Baetis Bicaudatus/Mermithid

The Baetis bicaudatus data did not support my hypothesis. The excretion, both N & P, did

not differ as the prevalence per bag increased (Figures 6 & 7). Unsurprisingly, knowing the

previous results (Figures 6 & 7), the N:P of excretion did not differ as prevalence increased. A t-
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test could not be performed on the N:P of excretions as we did with Megarcys signata because
there was not a clear way to determine whether a bag of Baetis should be considered parasitized
or not. The Mermithid that infects Baetis is an endoparasite and only one infects each Baetis. Data
suggests that the endoparasite, living inside the host, has characteristics that explain why a change
in excretion was not found (Figure 8). Characteristics different than the water mites, such as:
Investing less nitrogen into a sturdy exoskeleton and the nutrients required to survive within a host.
Endoparasites infect their hosts differently than the ectoparasitic mites of Megarcys which may
contribute to the difference in how the parasites affect their hosts.

Mermithids consume nutrients from inside the host. Most infected Baetis were discovered
not to have intestines or their intestines were empty while under a dissecting scope, their adipose
tissue was also scarce. The reduction in adipose tissue suggests that the Mermithid is receiving the
majority of the nutrients. The empty intestines suggest that the Mermithids were acting as a pseudo
digestion system. Infected Baetis are indeed smaller than their uninfected counterparts (Figure 9).
| propose that the Baetis are smaller in mass because the Mermithid is stealing the majority of the
nutrients, perhaps allowing enough to pass to Baetis for it to survive. The change in nutrients being
assimilated by Baetis could explain why the excretions do not change. The Mermithids are now
the main recipient of the nutrients the Baetis consumes and excretions are also determined by the
Mermithid. In order for the excretions to not be significantly different as prevalence increases, the
body N:P of the Mermithid must be nearly the same as the body N:P of Baetis bicaudatus. If it
were not, the excretions would have indeed changed as the Mermithid would have retained a
different proportion of the nutrients. Some Mermithids accounted for 40% of the mass in some
bags without a change in excretion. This suggests that the body N:P of the Mermithid and Baetis
are the same as well. We are attempting to obtain a sample large enough to analyze the body C:N:P

of the Mermithid and Baetis bicaudatus.

Conclusion

Megarcys signata is parasitized by the ectoparasite, the water mites. Baetis bicaudatus is
parasitized by the endoparasite the Mermithid worm. Both parasites live in completely different
environments, requiring different nutrients and behaviors to survive. Mermithid does not have to

invest as much nitrogen in its outer layer like the water mites. Water mites must invest in an
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exoskeleton to protect them from the surrounding environment. By comparing and understanding
the differences between these two types of parasites, | think a better understanding of how parasites
affect their hosts will be found. How parasites affect the excretions of their hosts is important to
understanding how parasite epidemics can shift nutrient limitations within ecosystems. Changes
in nutrient limitations can shift dominance from one species to another or solidify the dominance
of a species (Tilman, 1977). Perhaps ectoparasites are the only type that actually change host
excretion. Future research will include two more host and parasite combinations to see if the data
shows ectoparasites affected excretion more than endoparasites. As caretakers of Earth, we must
not let our activities affect the delicate balance between nutrients in our water sources. Human
activity is currently wreaking havoc on our environment. Our actions have the potential of
affecting species in unforeseen ways, if our actions cause a parasite population to explode it is
crucial to understand how that parasite’s role changes in consumer driven nutrient recycling as

they become epidemic.

Figures & Maps

Figure 1:

Linear Fit
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Figure 1: Mass specific nitrogen excretions as a function of the number of mite per insect. The
excretion of nitrogen per milligram of Megarcys signata increased as the number of mites per
insect increased.
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Figure 2:

Linear Fit
control corrected mass specific P excretion(Hours) - total mass =
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Figure 2: Mass specific phosphorus excretion as a function of the number of mites per insect.
The excretion of phosphorus per milligram of Megarcys signata increased as the number of
mites per insect increased.

Figure 3:

Linear Fit
CCM:P =7.990811 - 0.072161*Mites perInsect
25 Summary of Fit
RSquare 0.01478
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Mean of Response 7.555192
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= 13 Analysis of Variance
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Parameter Estimates
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Figure 3: Excretion ratio of moles of nitrogen over moles of phosphorus as a function the number
of mites per Megarcys signata. No significant change was found in the excretion N:P as the
number of mites increases.



Figure 4:

Treatment
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Figure 4: T-test with N:P of excretions as the response and the predictor is whether the Megarcys
were parasitized(P) or not(UP). The N:P of excretions were shown to be significantly different

between treatments. Levene’s test was performed to determine unequal variance.

Figure 5
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Figure 5: Mass of Megarcys signata as a function of the number of mites each were infected
with. Data indicates there is no effect on the growth of Megarcys as the infection level increases.
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Figure 6: Control corrected mass specific nitrogen excretion rate as a function of the prevalence

(#of Worms/#of Baetis) of the parasitic worm in each bag of Baetis. No significant difference

was found in the mass specific N excretion rate as prevalence increased.

Figure 7:
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Figure 7: Control corrected mass specific phosphorous excretion rates as a function of the

prevalence of worms in each bag of Baetis bicaudatus. No significant difference was found in the

mass specific excretions of phosphorus as prevalence increased.
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Figure 8:
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Figure 8: Control corrected atomic N:P of excretions as a function of the prevalence of parasitic
worms in each bag of Baetis bicaudatus. No significant difference was found in the N:P of

excretions as prevalence increased.

Figure 9:
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Figure 9: Mass of Baetis bicaudatus as a function of prevalence of infected Baetis per bag. The

mass of Baetis per bag decreased as the prevalence increased.



Emerald Lake

Map 1: Satellite image of the Emerald lake outlet where Megarcys signata were sampled.
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Map 2:

Copper Creek

Map 2: Satellite image of Copper Creek before merging into the East River. Megarcys signata

were sampled here.
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Map 3:

Lower East River

Map 3: Satellite image of the East River. Considered the Lower East River because it is south of
the RMBL town site. Megarcys signata was sampled here.
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