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Abstract

| experimentally determined fertilizer exposure effects on caddisfly (Trichoptera)
mortality, behavior and leaf decomposition. Few studies have specifically examined
fertilizer impacts on caddisflies and none have conducted experimental manipulations
within a controlled laboratory setting. Caddisfly survivorship decreased as fertilizer
concentration increased. Contact frequency between caddisfly larvae and larvae
position on the leaf, followed a unimodal curve in relation to a fertilizer concentration
gradient. Findings also confirm the findings of previous studies on leaf decomposition in
relation to caddisfly mortality. The removal of the experimental setup from a natural site
is a novel experimental approach and has significant implications for standards of water
guality monitoring using aquatic macroinvertebrates.

Introduction

A comprehensive understanding of anthropogenic alterations to the environment
is crucial to restoring aquatic ecosystems. A wide range of human impacts including
agriculture, urbanization and deforestation are detrimental to the ecological integrity of
rivers and streams because they alter crucial factors such as pH, sediment, and oxygen
levels and ultimately, ecosystem structure and function (Couceiro et al. 2007). These
changes can impact the abundance and diversity of aquatic organisms (Pinnel-Alloul et
al. 1996).

From golf courses to cornfields, synthetic nitrogen fertilizers are excessively
applied on artificial landscapes capable of only absorbing small quantities (Gilley and
Eghball 2002, Wong et al 1998). Housing and recreational areas are often established
near streams and lakes, potentially exposing these waterways to elevated levels of
nutrients (Winter and Dillon 2006). This development destroys forests that would
otherwise absorb much of the runoff, leading to increases in harmful algal and microbe
growth in aquatic ecosystems due to excessive nutrient influx (Allan 2004), which

causes over 44% of water quality degradation in the United States (Biggs 2000).



This study examined fertilizer runoff to address local concerns of the Great Lakes
region (Allan 2004). Northern Michigan and Wisconsin are dependent on their tourist
industry, of which outdoor recreation is a large component, so fertilizer runoff threatens
the quality of bodies of water that draw thousands of visitors each year. Runoff has also
long been a public health concern in the Great Lakes Region because sites near
agricultural centers have shown elevated fertilizer levels ( > 10 mg/L) in aquifers and
wells (Hill 1982). Because pesticide treatment in recreational areas is infrequent
compared to nitrogen fertilizer application (personal interview, Rhinelander Northwood
Golf), | examined fertilizer rather than pesticide effects on aquatic macroinvertebrates.

Previous studies of stream integrity and land use have monitored only general
effects of synthetic nitrogen runoff or the impact of proximity to waste treatment centers,
agriculture, and urban areas on nutrient levels within aquatic ecosystems (Laursen et al.
2002, Strayer et al. 2003, Winter and Dillon 2005). Few experimental studies have been
conducted to measure the specific concentration of nitrogen that has measurable
effects on stream biota populations, much less the subtler effects on behavior (Allan
2004). Studies have also had great difficulty identifying the specific sources of nitrogen,
which could potentially be caused to either direct input or secondary nutrient cycling.
Other potential causes of synthetic nitrogen runoff in aquatic ecosystems on a global
scale include: legume and rice production, fossil fuel consumption and the Haber-Bosch
process, which is an industrialized method of artificial nitrogen fixation (Galloway 2003).

The health of benthic macroinvertebrates can be studied to indicate nonpoint-

source pollution, making them ideal subjects for monitoring environmental



contamination (Borgmann 1994, Couceiro et al. 2007). Low contaminant levels in
stream ecosystems are most accurately detected by monitoring individual organisms
because environmental pollutants are cycled through stream ecosystems,
predominantly by detritivores and primary consumers, and can be difficult to detect by
other methods (Galloway 2003).

Methodology for examining the effects of synthetic nitrogen in aguatic
ecosystems has been highly debated (Smith et al 2007). Most studies have relied only
on field experiments because of concerns that the laboratory setting fails to replicate in
situ effects because the organism is exposed to fewer environmental stress variables
(Bonada 2004, Mann et al. 2010). Field experiments, though ideal, are problematic for
identifying contamination in water ecosystems because it is difficult to differentiate
between natural and anthropogenic stressors, especially on larger scales (Allan 2004).

Caddisfly larvae (Trichoptera) are designated by the Environmental Protection
Agency as Sensitive Benthos (EPA 2011). Comprising over ten percent of all stream
invertebrates, they are detrivorous insects that function as invaluable nutrient cyclers,
and reduced abundance and diversity of caddisflies can lead to a significant reduction in
secondary production (Graca 2011). Caddisflies are also crucial to the population health
of microflora communities that aid in leaf litter decomposition (Bonada and Williams
2002, Cummins 1974).

Leaf litter consumption rates of aquatic macroinvertebrates have long functioned
as prime indicators of an aquatic system’s ecological integrity (Gessner and Chauvet

2002, Hagen et al. 2006). Predominant methods for analyzing leaf litter decomposition



rates in the field, such as leaf bags, are not consistent due to experimental design
variances (Graca 2001). In some studies, survey sites are so contaminated that a
baseline of comparison cannot be established for monitoring caddisfly diversity and
abundance (Hopkins et al. 2011). There is also conflicting evidence over the
predominant cause of leaf litter decomposition: it may be due to either
macroinvertebrates like caddisflieds or to the fungal and microbial communities that live
on detritus surfaces (Arsuffi and Suberkropp 1985, Graca 2001, Hagen et al 2006).
Because it is impossible to remove all contaminant sources and variables within a
stream habitat, laboratory experiments can be a more accurate method of measuring
the effects of a single pollutant. Reduction in environmental variance more accurately
determines the source of leaf decomposition in relation to shredder abundance and
water quality (Graca 2001).

Though some studies have already used caddisfly larvae behavior as a pollution
indicator, they mainly examined the effects of heavy metal contamination (Lefcort et al.
2000). Other studies have used morphological variances in caddisfly populations as an
indicator of water quality (Bonada and Williams 2002). Caddisfly case and net
construction can also be monitored as a response variable to elevated environmental
stress (Becker 1987, Plague and McArthur 2003). However, caddisfly growth, activity
and mortality are not always correlated in response to an environmental variable (Gallep
1977). No studies were found to have investigated caddisfly movement and interaction

as a response variable to environmental stress.



| studied the impact of varying fertilizer treatments on leaf breakdown and
caddisfly behavior and mortality. Rather than only surveying macroinvertebrate leaf
shredding in freshwater streams, | expanded upon the work of previous studies by
exposing the samples to a specific byproduct of land use in a controlled setting.

Specifically, | tested the hypothesis that elevated concentration of fertilizer will
increase frequency of stress-induced behavior, mortality and leaf decomposition in
caddisfly microcosms in a laboratory setting. The null hypothesis was that increasing
the concentration of fertilizer will have no effect on frequency of stress-induced
behavior, mortality and leaf decomposition in caddisfly microcosms in a laboratory

setting.

Methods

Site Description

Both experiments were conducted on the University of Notre Dame Research
Center (UNDERC) property in Vilas County, Wisconsin and Gogebic County, Michigan
from May 29 to July 16, 2011. Common genera of caddisfly in this region include
Pycnopsyche, Lepidostoma and Hydropsyche. Collecting caddisflies at a significant
distance from major sites of human development ensured that they were sourced from
habitats with high water quality and not experiencing ongoing stress from environmental
contamination, providing a comparative baseline for other studies monitoring caddisfly

response to environmental contamination.



Field Sampling

| collected specimens on three different occasions from three sites (see below)
during the week of June 19th — June 25th, 2011. Samples were gathered from Brown
Creek and three sites along Tenderfoot Creek on UNDERC property. Some caddisflies
were also gathered from a site on Tenderfoot Creek in the Ottowa National Forest just
north of the UNDERC property. They were collected at the same time each day,
between 9:00 am and 1:00 pm. Caddisflies were collected using a handheld 500 micron
sieve and hand-picking samples from woody and vegetative substrates. The majority of
caddisflies collected were Pycnopsyche and Leptoceridae genera.
Lab Experiments

Two experiments were conducted to measure fertilizer effects on caddisfly
mortality and behavior and leaf decomposition. Both experiments used well water and
the same type of fertilizer. Lake water was not used because temperature and pH are
not consistent. Generic 46-0-0 industrial fertilizer was used because it is a ubiquitous
plant care and animal feed supplement and contains one of the highest nitrogen
concentrations of any commercially available fertilizer while still containing nitrogen
levels within range of products commonly used for domestic properties. 46-0-0 is also a
suitable variety because it does not contain additional chemicals common to fertilizer
brands, such as phosphorous. The lack of additional chemicals ensured a more direct
correlation between nitrogen levels and macroinvertebrate behavior and mortality.

| allotted a total volume of 2.5 liters fertilizer treatment per container for each

experiment. All individual caddisfly larvae were randomly assigned to their containers



and were examined prior to treatment exposure to ensure that they were active,
responsive and healthy specimens. For both experiments, | allotted two caddisfly larvae
per replicate. Caddisfly larvae samples were identified to genus after each laboratory
experiment.

Experiment 1

The objective of the first experiment was to determine the fertilizer concentration and
time duration at which changes in behavior or survivor rate are observed in caddisfly
larvae All samples were transferred into holding tanks for 24 hours prior to the
experiment to acclimate the organisms to laboratory conditions. | used senescent red
oak leaves (Quercus rubra) because they have a lower breakdown rate than fresh
leaves and more commonly preferred Alder (Alnus spp.) and Birch (Betula spp.)
species, so a more gradual decomposition rate was anticipated (Bjelke and Herrmann
2005, Irons et al. 1988, Kochi and Kagaya 2005).

Samples were designated to containers stocked with 0.50 grams of leaf matter.
Five different concentrations of fertilizer were used - 7%, 5%, 3%, 1%, 0%. The control
had a 0% solution of fertilizer and no larvae present.

Each treatment and control was replicated five times. Weight measurements of
the samples were taken before and after fertilizer exposure. The environmental
conditions of pH, temperature, and the number of live specimens were monitored on the
first day and every other following day for one week during the experimental trial.

Caddisflies were collected as they died and were stored in a solution of 95% ethanol.



Experiment 2

The objective of this experiment was to monitor leaf decomposition, mortality rate
and caddisfly behavior as a function of fertilizer concentration. For this experiment |
ensured that the laboratory setup would not expose the caddisfly microcosm to
potentially significant increases in sunlight or temperature. Seven fertilizer
concentrations, each with three replicates stocked with two caddisfly larvae, were used:
0.0%, 0.5%, 1.0%, 1.5%, 2.0%, 2.5%, and 3.0%. Each microcosm was stocked with
1.00 grams of fresh speckled alder leaves (Alnus incana) in order to eliminate food
source rejection as a potential stress factor. | also added a layer of fine grain sand to
the bottoms of each container (approx 0.5 cm thick) in order to give the caddisflies
surface traction for movement. To make sure that proximity to laboratory walls or
windows did not cause a significant variance in microcosm temperature, the
microcosms were situated in the center of the room, away from direct sunlight.

To quantify caddisfly behavior, | simultaneously monitored the three microcosms
within each treatment level and recorded how much time the caddisfly spent moving
during a 30 second interval, which was replicated twelve times per container over the
course of the experiment. | then categorized the position of each caddisfly in relation to
the other larvae within the microcosm, their activity level and their location within the
microcosm. If one caddisfly had attached its case to the other caddisfly case in the
microcosm, then this behavior was marked as one frequency point of contact for that
trial. If a caddisfly was positioned on top of the leaf but not necessarily consuming it,

they were marked as one frequency point for leaf position (on) in that trial. It is not likely



that monitoring multiple containers simultaneously resulted in inaccurate measurements
because the microcosms were small, the caddisflies did not move rapidly and there
were only two caddisflies per microcosm.

As specimens died, | removed them from the microcosm and stored them in 95%
ethanol. At the end of the fourth day, | collected and stored the remaining samples in
95% ethanol solution and then removed each specimen from its case to identify larvae
to genus, measure length (mm) and weight to the nearest milligram. The leaves were
collected, dried at 60° C for 24 hours and weighed to the nearest milligram.

Analysis

All data set variables for Experiments 1 and 2 were tested for normalcy using a
Shapiro-Wilke test. All data was proven to be normally distributed for each statistical
analysis and did not require transformation. There was no mortality for any caddisfly
microcosm exposed to the 0% fertilizer treatment.

Experiment 1

To measure the effect of microcosm location on microcosm temperature, |
conducted a post-hoc 2-Way ANOVA analysis of microcosm number versus average
temperature for each day of the experiment. | then conducted a Bonferroni post-hoc
test. Microcosm number correlated with fertilizer treatment level and shelf position of the
microcosm in relation to a window in the laboratory. Microcosm A was located at the
greatest distance away from the window and microcosm E was located closest to the

window.
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Experiment 2

To ensure that temperature variance would not be a statistically significant factor
in my analysis of Experiment 2, | computed a post-hoc 2-Way ANOVA of temperature
versus microcosm X day to determine the effect of time and microcosm position on
microcosm temperature.

A post-hoc 2-Way ANOVA of survivorship versus concentration X time was
computed to measure the average number of caddisfly larvae remaining in each
microcosm each day. A Bonferroni post-hoc analysis of the results was conducted. |
then evaluated a regression analysis of survivorship versus time for each concentration
in order to more easily examine trends across time for each concentration. An alpha
value of 0.10 was established prior to statistical analysis due to small sample size and
outlying values for the 2% fertilizer concentration level. To summarize the general trend
of caddisfly larvae survivorship as a function of fertilizer exposure, | conducted a
regression analysis of average survivorship versus fertilizer concentration with an alpha
value of 0.10.

Leaf consumption was measured as a behavioral variable under the assumption
that leaf breakdown would closely correlate with larvae survivorship and behavioral
trends. | determined the relationship between leaf consumption and fertilizer treatment
by conducting a 1-Way ANOVA of leaf dry weight versus fertilizer concentration. A
regression analysis was then used to measure the relationship between summed
seconds of caddisfly movement against fertilizer concentration to measure caddisfly

activity. Because an ANCOVA could not be used due to limited data replications, three
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Chi-Squared tests were conducted to determine the statistical relationship of Leaf

position (on), Leaf position (off), and contact frequency to fertilizer treatment.
Results

Experiment 1

Average temperature was significantly different between microcosm position and
between days, indicating that the change in atmospheric temperature during the
experiment potentially influenced mortality rates and behavior (F12, 35 = 13.8, r? = 0.334,
p <0.001). (Figure 1), A Bonferroni post-hoc test supported significant differences
between the first day and days two, four and six (p < 0.001 for all values, Table 1).
There was no significant difference in temperature between days two, three and four (p
> 0.300, Table 1). After examining these results and reviewing the unanticipated flaws in
experimental design, | did not continue statistical analysis of my findings in Experiment
1.
Experiment 2

The post-hoc 2-Way ANOVA and Bonferroni testing did not determine a
significant relationship between temperature and concentration type or day, confirming
that temperature would likely not influence caddisfly mortality and behavior and further
analysis could be conducted (Fy, 503 = 2.207, p = 0.138).

Significant interaction between larvae survivorship and concentration treatment
over time was confirmed by post-hoc 2-Way ANOVA (F1g 475 =1.646, 1 = 0.304, p =
0.046) (Figure 2). Bonferroni post- hoc testing found significance in mortality in relation

comparisons between all days (p < 0.001) except for days 2 and 3 (p = 1.00) (Table 2).
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Additional Bonferroni post hoc testing also showed significant difference in mortality
between fertilizer concentrations of 0% and all other concentrations above 1% (Table
3).

Regression analysis showed a significant decrease in average larvae
survivorship over time for each level of fertilizer concentration except for 0% fertilizer
treatment (r* = 0.525, df = 1.00, p = 0.065) (Figure 3). The general trend in mortality
across time was significant under the alpha value of 0.10 (df = 1.00, r* = 0.113, p =
0.065) for regression analysis (Table 4, Figure 4). When values for 2% fertilizer
concentration were excluded from the data set, the regression more accurately reflected
the general survivorship trend (df = 1.00, r> = 0.183, p = 0.033) and supported statistical
calculations that the 2% treatment level contained outlying values.

A 1-Way ANOVA of leaf dry weight determined that leaf weight decreased with
increased fertilizer concentration, indicating that leaf litter decomposition cannot be
used to accurately monitor mortality rates or shredding behavior (F1 7= 14.527, r* =
0.743, p = 0.012). Regression analysis indicates, but could not determine, that the
relationship between seconds of activity level and fertilizer concentration relationship
approached significance (r* = 0.551, df = 1.00, p = 0.056) (Figure 6). Chi- Squared
testing determined that contact frequency between caddisflies was significantly different
across a fertilizer concentration (X? = 54.154, df = 6, p < 0.001). Chi-Square Analysis of
summed leaf position (on) of caddisfly larvae across fertilizer concentration also showed
significance (X* = 21.414, df = 6, p = 0.002). A Chi-Square Analysis of summed leaf

position (off) of caddisfly larvae across fertilizer concentration showed no significance
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(X? = 9.856, df = 6, p = 0.131). Conclusively, the caddisfly larvae exhibited unimodal

activity frequency in relation to fertilizer concentration (Table 7, Figure 7).

Discussion

Experimental results support the hypothesis that caddisfly mortality and
behavioral response would demonstrate a significant increase across an increasing
fertilizer concentration gradient, rejecting the null hypothesis that no difference in
mortality or behavior would be observed.

Comparison of behavioral frequencies with caddisfly mortality indicate that larvae
activity followed a unimodal curve across a fertilizer concentration gradient, a different
trend than the caddisfly larvae mortality rate. This is possibly due to an induced stress
response but no significant compromise in physiological function at low levels of
fertilizer exposure. As fertilizer concentration increases, the caddisfly may no longer be
able to maintain physiological defense against chemical distress, resulting in decreased
survivorship rate.

Diet may have also been a contributing factor to inaccurate results in the first
experiment because caddisfly larvae are generally averse to senescent oak leaves. This
may have been a poor diet choice that potentially increased organism stress within the
laboratory environment as well, leading to distorted mortality rates. Though the results
could not be used, Experiment 1 demonstrated the strong influence of even subtle

changes in environmental variables. Future studies could examine the effects of abiotic
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factors in relation to compromised caddisfly larvae survivorship in already contaminated
environments.

Though experimental findings of mortality and behavior followed strong trends in
relation to fertilizer concentration, caddisfly larvae in the 2% fertilizer concentration
microcosms demonstrated persistent statistical incongruity. This might be explained by
differential characteristics and feeding preferences of certain caddisfly species.
Because previous studies have found that different caddisfly species can exhibit highly
variable pollution tolerance even within the same genus, future analysis of my data
should examine potential fluctuations in mortality and survivorship in relation to caddisfly
larvae taxa (Bonada 2004, Brink et al. 2009, Smith et al. 2007). Though other studies
have monitored caddisfly populations for longer periods of time to monitor abundance,
the results from my own experiment were so immediate that experimental length is not a
major concern (Arsuffi and Suberkropp 1995, Becker 1987).

Although larvae mortality was not a significant factor in leaf litter decomposition,
my study cannot determine the exact cause of increased leaf decomposition in relation
to increased fertilizer concentration. The findings support previous studies that also
observed this statistical pattern, but | did not measure populations of microbes or fungi
within my microcosms (Hagen et al. 2006). As | was conducting my experiments, | did
observe that microcosm water became increasingly yellow and cloudy as fertilizer
concentration increased.

Because several studies have found limitations and conflicting conclusions for

both field and laboratory experimental design, future studies should conduct parallel
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experiments in each setting to better understand the effects of natural conditions while
still maintaining accurate monitoring of specific stress variables (Gallep 1977, Hopkins
et al. 2011, Mann et al. 2010). Longer-term experiments could reveal the effects of
fertilizer on reproductive behavior and larval growth and development. Future studies
could determine the role of chemicals in fertilizer other than nitrogen, as some
environmental toxicology studies have found that supplementary compounds, such as
surfactants, play a more significant role in organism mortality (Releya and Jones 2009).
The physiological consequences of exposure to fertilizer could potentially be examined
by sampling caddisflies from streams known to be contaminated and placing them in
environments with reduced environmental stress factors. Studying recovery time could
potentially determine the permanent effects of fertilizer exposure on caddisfly health.
Conclusion

This study supports the use of a laboratory setting for determining the specific
effects of low-level environmental contamination on caddisfly mortality. Significant
relationships between caddisfly behavior and fertilizer exposure were also observed,
supporting future studies of caddisfly interaction as an indicator of trace contamination
in aguatic environments. Increased understanding of fertilizer effects will facilitate the
improvement of preventative methods for reducing fertilizer runoff, especially because
limiting human development in close proximity to vulnerable aquatic habitats is not likely

to occur (Allan 2004).

16



Acknowledgements

| would like to thank my mentor, Todd Crowl, for his guidance in experimental
design and methods. | would also like to thank Dr. Michael Cramer and Heidi Mahon for
all of their technical advice and assistance. Shayna Sura and Matthew Igleski provided
invaluable statistical help. Many thanks are due to Chris Patrick and Kate Kirbie for the
caddisfly samples they provided, and whose critiques were instrumental in the
development of my experimental design. The UNDERC East class of 2011 must be
thanked for providing immeasurable help and humor. This project was generously

supported by the Bernard J. Hank Fund.

Literature Cited

Arsuffi, Thomas L. and Keller Suberkropp (1985) Selective Feeding by Stream Caddisfly
(Trichoptera) Detritivores on Leaves with Fungal-Colonized Patches. Oikos
45(1):50-58

Allan, J. David (2004) Landscapes and Riverscapes: The Influence of Land Use on Stream
Ecosystems. Ann. Rev. of Eco., Evo., and Syst. 35:257-284.

Becker, G. (1987) Net-Building Behaviour, Tolerance and Development of Two Caddisfly
Species from the RiverRhine (Hydropsyche contubernalis and H. pellucidula) in Relation
to the Oxygen Content. Oecologia 73(2):242-250

Bjelke, Ulf and Jan Herrmann (2005) Processing of Two Detritus Types by Lake- Dwelling
Shredders: Species-Specific Impacts and Effects of Species Richness. Journal of Animal
Ecology 74:92-98

Bonada, Nuria and D. Dudley Williams (2002) Exploration of the Utility of Fluctuating
Asymmetry as an Indicator of River Condition Using Larvae of the Caddisfly
Hydropsyche morose (Trichoptera: Hydropsychidae). Hydrobiologia 481:147-156

Borgmann, Uwe (1994) Chronic Toxicity of Ammonia to the Amphipod Hyallela azteca ;
Importance of Ammonium lon and Water Hardness. Environmental Pollution
86:329-335

Brink, Paul J. Van den, Steven J.H. Crum, Ronald Gylstra, Fred Bransen, Jan G.M.

Cuppen, Theo C.M. Brock, (2009) Effects of a Herbicide—Insecticide Mixture in
Freshwater Microcosms: Risk Assessment and Ecological Effect Chain. Environmental
Pollution 157:237-249

Couceiro, Sheyla R. M., Neusa Hamada, Sérgio L. B. Luz, Bruce R. Forsberg, Ta"nia Pena
Pimentel (2007) Deforestation and Sewage Effets on Aquatic Macroinvertebrates in
Urban Streams in Manaus, Amazonas, Brazil. Hydrobiologia 575:271-284

Cummins, Kenneth W (1974) Structure and Function of Stream Ecosystems. Bioscience
24(11):631-641

17



Gallepp, George W. (1977) Responses of Caddisfly Larvae (Brachycentrus spp.) to
Temperature, Food Availability and Current Velocity American Midland Naturalist
98(1);59-84

Galloway, James N. John D. Aber, Jan Willem Erisman, Sybil P. Seitzinger, Robert W.
Howarth, Ellis B. Cowling, B. Jack Cosby (2003) The Nitrogen Cascade. Bioscience
53(4):341-356

Gessner, Mark O. and Eric Chauvet (2002) A Case for Using Litter Breakdown to Assess
Functional Stream Integrity. Eco. App. 12(2):498-510

Graga, Manuel S. (2001) The Role of Intertebrates on Leaf Litter Decomposition in
Streams — A Review. Internat. Rev. Hydrobiol. 86(4-5):383-393.

Hagen, E.M., J.R. Webster, E.F. Benfield. 2006. Are Leaf Breakdown Rates a Useful
Measure of Stream Integrity Along an Agricultural Landuse Gradient? J. N. Am.
Benthol. Soc., 25(2):330-343

Hopkins, Jessica M., Amy Marcarelli, Heather A. Bechtold (2011) Ecosystem Structure and
Function are Complementary Measures of Water Quality in a Polluted, Spring-Influenced
River. Water, Air and Soil Pollution 214:409-421

Irons, John G. Ill, Mark W. Oswood, John P. Bryant (1988) Consumption of Leaf Detritus by a
Stream Shredder: Influence of Species and Nutrient Status. Hydrobiologia 160: 53-61.

Kochi, Kaori and Takashi Kagaya (2005) Green Leaves Enhance the Growth and Development
of a Stream Macroinvertebrate Shredder When Senescent Leaves Are Available.
Freshwater Biology 50:656-667

Lefcort, H., E. Amman, S.M. Seiger (2000) Antipredatory Behavior as an Index of Heavy-metal
Pollution? A Test Using Snails and Caddisflies. Archives of Enviornmental
Contamination and Toxicology 38(3):311-316

Laursen, Andrew E., Sybil P. Seitzinger, Robert Dekorsey, James G. Sanders, Denise L.
Breitburg and Richard W. Osman (2002) Multiple Stressors in an Estuarine System:
Effects of Nutrients, Trace Elements, and Trophic Complexity of Benthic Photosynthesis
and Respiration. Estuaries 25(1):57-89

Mann, Reiner M., Ross V. Hyne, Desiree L. Simandjuntak, Stuart L. Simpson (2010) A Rapid
Amphipod Reprduction Test for Sediment Quality Assessment: In Situ Bioassays do not
Replicate Laboratory Bioassays. Environmental Toxicology and Chemistry 29(11):2566-
2574

lague, Gordon and J. Vaun McArthur (2003) Phenotypic Plasticity of Larval Retreat Design in a
Net-Spinning Caddisfly. Behavioral Ecology 14(2):221

Relyea, R.A. and D.K. Jones (2009) The Toxicit of Roundup Original MAX™ to 13 species of
larval amphibians. Environmental Toxicology and Chemistry 28(9):2004-2008.

Smith, Alexander J, Robert W. Bode, Gary S. Kleppel (2007) A Nutrient Biotic Index (NBI) for
Use With Benthic Macroinvertebrate Communities. Ecological Indicators 7:371-386

Strayer, David L., Edward Beighley, Lisa C. Thompson, Shane Brooks, Christer Nilsson, Gilles
Pinay, Robert J. Naiman. 2003. Effects of Land Cover on Stream Ecosystems: Roles
of Empirical Models and Scaling Issues. Ecosystems 6(5):407-423

Winter, Jennifer G. and Peter J. Dillon (2006) Exports of Nutrients from Golf Courses on the
Precambrian Shield. Environmental Pollution 141:550-554

18



Tables

Table 1. Bonferroni Test post hoc indicates general significance (Fi2, 388 = 13.8, p < 0.
001). Analysis reveals significant difference between average temperature on Day 1
and all other Days (p < 0.001). There is no significance between Days 3, 5, and 7 (p >
0.10) The results support the observed increases in temperature after the first day in

Experiment 1.

Day

Day

p Value

0.00

0.00

0.00
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Table 2. Bonferroni post-hoc testing supports a significant relationship between
survivorship and fertilizer treatment for each day of the experiment (F12, 35 = 13.8, r? =
0.334, p < 0. 001). Significance in mortality was found between all days (p < 0.001)
except for days 2 and 3 (p = 1.00) in Experiment 2.

Day Day p Value
1 2 0.00
1 3 0.00
1 4 0.00
2 3 1.00
2 4 0.000001
3 4 0.000002
Table 3. Bonferroni post-hoc testing of the relationship between survivorship and
fertilizer treatment per day determined a significant difference in mortality between
fertilizer concentrations of 0% and all other concentrations above 1% (p < 0.001).
Concentration (%) Concentration (%) p Value
0 0.5 0.188938
0 1.0 0.188938
0 15 0.000016
0 2.0 0.000451
0 2.5 0.000052
0 3.0 0.030035
0.5 1.0 1.00
0.5 15 0.367359
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0.5 2.0 1.00
0.5 2.5 0.679857
0.5 3.0 1.00
1.0 15 0.367359
1.0 2.0 1.00
1.0 2.5 0.679857
1.0 3.0 1.00
15 2.0 1.00
15 2.5 1.00
15 3.0 1.00
2.0 2.5 1.00
2.0 3.0 1.00
2.5 3.0 1.00

Table 4. Values for the average and sum values for larvae survivorship across a
fertilizer concentration gradient in Experiment 2

Fertilizer Concentration Survivors per Microcosm
(%) (AVG) Survivors (SUM)
0 2 144
0.5 1.5 108
1.0 1.444444444 104
1.5 1111111111 80
2 1.75 470
2.5 1.055555556 76
3 0.742857143 52

Table 5. Values for the average dry weight of leaf matter not consumed by caddisfly
larvae (g) across a fertilizer concentration gradient in Experiment 2

Fertilizer
Concentration (%) Dry Weight (g) of Leaf Matter (AVG)

0 0.4
0.5 0.391
1.0 0.369
1.5 0.406
2.0 0.348
2.5 0.378

3 0.36
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Table 6. Behavioral values based on activity frequencies and time spent moving during
observation intervals in Experiment 2.

Contact Time Spent Moving
Fertilizer Frequency Leaf Position | Leaf Position (seconds) per Interval
Concentration (%) (Sum) Off (SUM) On (SUM) (SUM)
0 2 32 13 760
0.5 17 23 18 569.7
1 31 22 4 332
15 9 23 4 315
2 22 37 6 470
2.5 8 26 4 245
3 2 18 9 145
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Figure 1. 2-Way ANOVA analysis of microcosm number versus average temperature
for each day in Experiment 1. Significant difference between day one and other days is
evident (Fi2, 388 = 13.8, p < 0. 001).
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Figure 2. 2-Way ANOVA analysis of survivorship versus concentration X time (days) for
Experiment 2. Mortality was significant with increased exposure to fertilizer (F1s 503
=5.604, 1’ = 0.535, p < 0.001).

Survivorship versus Time by Fertilizer
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Figure 3. Regression analysis of daily survivorship versus time per concentration level
for Experiment 2. The results indicate a significant decrease in average larvae
survivorship per microcosm over time for each level of fertilizer concentration except for
0% fertilizer treatment (r* = 0.525, df = 1.00, p = 0.065).
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Figure 4. Regression analysis of average survivorship versus fertilizer concentration for
Experiment 2.The results were significant using an alpha value of 0.10 (df = 1.00, r? =
0.113, p = 0.065) for regression analysis (Table 4, Figure 4).

Leaf Dry Weight versus Fertilizer Concentration
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Figure 5. 1-Way ANOVA analysis of leaf dry weight X fertilizer concentration for
Experiment 2. Leaf weight decreased with increased fertilizer concentration, indicating
that leaf litter decomposition cannot be used to accurately monitor mortality rates or
shredding behavior (F; 7= 14.527, r? = 0.743, p =0.012).
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Seconds Moved versus Fertilizer Concentration
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Figure 6. Regression analysis of summed seconds of caddisfly movement versus
fertilizer concentration suggests a significance between seconds of activity level
becuase fertilizer concentration relationship approached significance (r* = 0.551, df =
1.00, p = 0.056).

Summed Points of Frequency per Fertilizer
Concentration

(o2}
o
L

a
o

On Position
m Off Positon

0 B T T T T T T l
0 0.5 1 15 2 2.5 3

Fertilizer Concentration (%)

Figure 7. Chi-Squared Tests exhibited unimodal activity frequency of the larvae.
Contact frequency between caddisflies increased with fertilizer concentration (X* =
54.154, df = 6, p < 0.001). Chi-Square Analysis of summed leaf position (on) of
caddisfly larvae across fertilizer concentration showed significance (X? = 21.414, df = 6,
p = 0.002). Chi-Square Analysis of summed leaf position (off) of caddisfly larvae across
fertilizer concentration showed no significance (X* = 9.856, df = 6, p = 0.131).

Summed Frequency
N w H
o o o

(=Y
o

24



