
ABSTRACT 

BALIK, JARED ANDREW. From Animals to Ecosystem Processes: Predicting Functional 

Outcomes of Climate-driven Changes in Animal Communities through Species Traits. (Under 

the direction of Dr. Bradley Taylor). 

 

Animals can have large effects on ecosystem processes such as nutrient cycling or 

detritus processing, but these can be difficult to study directly in natural systems. Single species 

contributions are often particularly challenging to isolate and measure. However, speciesô 

functional traits provide mechanistic links between animals and their effects on ecosystem 

processes, and thus provide an indirect method of understanding speciesô functional roles and 

contributions to overall ecosystem processes. In this dissertation, I quantify key functional traits 

(nutrient excretion and detritus processing rates) of larval caddisflies that are biomass-dominant 

detritivores in subalpine ponds. I then develop a framework for making pond-level predictions of 

animal contributions to ecosystem processes and explore functional outcomes of differences in 

community composition among pond hydroperiod classifications and invasions by range-

expanding caddisflies. 

In chapter 1, I found considerable interspecific variation in biomass-specific excretion of 

nitrogen (eightfold differences) and phosphorus (sevenfold differences) among 10 larval 

caddisfly species. Through a meta-analysis, I compared the variation within this guild to the 

overall range in variation found among other family-level assemblages and found that, 

comparatively, the interspecific variation among caddisfly excretion rates was high for N and 

intermediate for P. This suggests that functional redundancy among species is difficult to predict, 

and consequently the functional outcomes of species gains or losses could be substantial.



 

In chapter 2, I found similarly high interspecific variation in larval caddisfly biomass-

specific detritus processing rates (thirteenfold differences in coarse processing, eightfold for fine 

particulates). Furthermore, on a mass-specific basis, amphipods and chironomids processed a 

similar amount of detritus as caddisflies, suggesting that the importance of non-shredder 

detritivores may be greater than previously recognized. Finally, I show that processing by mixed 

caddisfly assemblages in natural ponds is strikingly similar to additive predictions based on 

individual species rates, suggesting that single-species rates may be useful for understanding 

functional outcomes of shifting assemblages. 

In chapter 3, I combine nutrient excretion rates and biomasses of pelagic and benthic 

invertebrates and salamanders with nutrient uptake rates in a simulation model to estimate 

animal-driven nutrient supply and pond-level demand along a hydroperiod gradient of permanent 

ponds that never dry, semipermanent ponds that dry in some years, and temporary ponds that dry 

annually. I found that animal biomass increased with hydroperiod duration, and biomass 

predicted animal-driven supply contributions among hydroperiod classifications. Consequently, 

community-wide supply was greatest in permanent ponds. N supply exceeded demand in 

permanent and semi-permanent ponds, whereas P supply equaled demand in both. Conversely, 

temporary ponds had large deficits in both nutrients due to lower biomass and hydroperiod-

induced constraints on dominant suppliers (oligochaetes and chironomids). Thus, as climate 

warming causes hydroperiods to become increasingly temporary and indirectly prompts biomass 

declines and compositional shifts, animal-driven nutrient supply will decrease and strong nutrient 

limitation may arise due to loss of animal-driven supply.  

In Chapter 4, I adapted the simulation model framework to predict caddisfly nutrient 

supply and detritus processing throughout three upslope range expansions observed over a 30-



 

year long-term dataset. I found that the dominant resident regulated caddisfly nutrient supply and 

detritus processing until the third nonresident arrived, though total ecosystem process rates did 

not change. This suggests that processes regulated by dominant species may be more sensitive to 

invasion, and speciesô functional roles may change before overall ecosystem process rates. 

Developmental phenology differences likely facilitated the third nonresidentôs numerical success 

and alteration of residentsô functional roles. However, I also show that numerically unsuccessful 

range expansions could still contribute to greater among-habitat ecosystem process variability. 

Thus, the body of work presented in this dissertation demonstrates that functional traits provide a 

novel approach to studying functional outcomes of changes in community compositions. 
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BIOGRAPHY  

I was born and raised in Darlington, Pennsylvania, the youngest of three siblings by 14 

years. The lush rolling forests and diverse wildlife surrounding my home instilled a love of 

nature and outdoor recreation, particularly hiking, fishing, and camping. Meanwhile, observing 

my father repair seemingly anything mechanical caused me to develop a strong curiosity of how 

objects and systems worked. The transition away from dial-up internet allowed me to foster this 

curiosity by building computers and networks, and for a time I envisioned a future career in 

information technology. However, after witnessing sudden dramatic changes in the woods and 

streams behind my home after a logging operation, my interest in systems and love of nature 

combined into a conservation ethic as I wondered at the ecosystemôs gradual recovery. Thus, 

after graduating high school I decided to major in biology and environmental science at 

Allegheny College, with the intention of learning how living things and ecosystems functioned. 

Admittedly, I began my college experience thinking that as a backup plan my majors 

would also prepare me for a career in medicine. However, at the time I had little concept of what 

kinds of career possibilities were in the environmental field. That changed when I met Dr. Scott 

Wissinger in my second semester. Scott welcomed me into his lab, and soon thereafter I found 

myself conducting research with him in streams and wetlands in northwestern Pennsylvania. 

During an independent study course with Scott the following semester, he declared that I had a 

knack for analytical chemistry, which was largely thanks to the dedicated efforts of my high 

school advanced-placement chemistry teacher, Kim Baker. Scott then suggested that I might be a 

great candidate for his summer research program at a field station called the Rocky Mountain 

Biological Laboratory in Gothic, Colorado (RMBL). He gave me a nugget of an idea for an 

independent summer research project, which I developed into a research proposal for a 
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competitive but generous undergraduate research fellowship from the Arnold and Mabel 

Beckman Scholars Program. My proposal was funded, which provided financial support for two 

summers of independent research with Scott at RMBL. 

Those first two summers at RMBL indeed changed my life. Allegheny was a small 

school, and Scott was one of five ecology professors, whereas hundreds of ecologists from across 

the USA migrated to RMBL every summer. Interacting with these diverse scientists and their 

graduate students helped me understand the breadth and flexibility of a career in science. 

Meanwhile, I had tremendous fun helping Scott with his long-term pond research program and 

working on my independent research, which later became my undergraduate senior thesis.  

These formative summers also introduced me to my future doctoral advisor, Dr. Brad Taylor, 

and deepened my bond with my partner and labmate, Susan Washko.  

After completing my bachelors of science degree at Allegheny College in 2016, I began 

my PhD at North Carolina State University. Scott and Brad were co-PIs on an NSF grant, so I 

had the wonderful opportunity to continue collaborating on pond research with them as I began 

new stream research. Sadly, Scott passed away unexpectedly in October 2019. It has been a 

privilege to carry on his legacy with our science family, and to synthesize the foundations of the 

research career that I began with his guidance in this dissertation. 

 

In my free time, I pursue diverse hobbies. Fitness is foremost among these, with 

emphases on bodybuilding-style weightlifting and swimming, as well as learning about 

nutritional biochemistry, exercise and sleep physiology, and conducting data-driven n=1 fitness 

experiments to understand and improve my performance. Otherwise, I greatly enjoy baking 

breads, hiking, camping, kayaking, tinkering with electronics, reading, and strategy games.
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estimates were stable and variance was low. Taxa sorted by rank-order  

contribution to N supply in each panel.   Note: the different scale of the y axes 

compared to Figure 3.3. ............................................................................................ 93 

 

Figure 4.1 Larval caddisfly abundance and predicted contributions to ecosystem  

processes in permanent ponds over 30 years at Mexican Cut, Colorado.  

Natural log-transformed caddisfly densities [(A, note Y axis is backtransformed 

 to original scale)] were averaged across all permanent ponds (range = 3 ï 7  

ponds per year), and error bars represent 95 % confidence intervals. Colored  

boxes under x-axes indicate range expansion periods defined by initial dates  

of upslope range expansion (e.g., orange 1st expansion box indicates  

L. picturatus arrived in 1998, green for G. lorreatae or A. bimaculata in 2006,  

and red for N. hostilis in 2016). Speciesô areal daily contributions to phosphorus  

and nitrogen supplies and detritus processing (as coarse particulate organic  

matter, CPOM) were predicted as the products of pond-level density, average  

final instar masses, and species-specific nutrient excretion or detritus processing 

rates. Although there were large intraspecific differences in excretion and  

detritus processing rates, within a species rates were temporally and spatially 

consistent (12, 13; methods supplement), allowing us to apply them across the  

long-term survey dataset. Still, we incorporated variation in species-specific 

 rates by repeating pond-level calculations 1000 times with randomly sampled 

species-specific rates in each iteration. Nutrient supply and detritus processing  

were averaged across all pond-level iterations to estimate the mean ± 1 SE  

species-specific contributions to P supply [(B)], N supply [(D)], and detritus 

processing [(F)]. Black points and lines indicate total caddisfly abundance or  

total contribution to ecosystem processes. Speciesô relative contributions were 

calculated to standardize for interannual variation in the total. We grouped the 

relative contributions to P supply [(C)], N supply [(E)], and CPOM processing  

[(G)] of subdominant residents (Ag. deflata and An. nigriculus) and nonresident  

taxa (L. picturatus, G. lorretae or A. bimaculata, N. hostilis) separately for 

comparison with the dominant resident (L. externus). Colored arrows within plot 

space indicate direction of statistically significant trends in corresponding  

speciesô or groupsô relative contribution during each range expansion... .............. 108 

 

Figure 4.2 Proportions of pond-year observations where speciesô relative abundance 

 and contribution to an ecosystem process equaled or exceeded those of 

dominant resident L. externus. Numeric labels in legend after species indicate 

 total number of ponds sampled sampled since the species was first observed at 

Mexican Cut (pond-years). Species above the dotted 1:1 lines can functionally 
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surpass the dominant resident without matching their relative abundance, and  

species below can numerically surpass the dominant resident without matching  

their relative contribution to ecosystem processes. Comparison of P supply 

contributions in (A), N supply in (B), and detritus processing in (C). ................... 110 

 

Figure 4.3   Relationships between caddisfly assemblage evenness and aggregate  

variability in species contributions to ecosystem processes. Pielouôs  

Evenness (J) was calculated using average caddisfly densities across all  

permanent ponds at Mexican Cut (e.g., densities in Figure 1A; averages of  

3-7 ponds per year). Aggregate variability in species contributions to ecosystem 

processes (e.g., variability among ponds and species) was calculated as the 

 sum of speciesô among-pond variance in process contribution and 2x the sum 

 of contribution covariances among all species pairs. Aggregate variability was 

square root transformed to improve normality for statistical analysis, which also 

returns aggregate variability to the original dataôs scale. Colored boxes under 

 ([A]) x-axis indicate range expansion periods defined by initial dates of  

upslope range expansions (e.g., orange 1st range expansion box indicates L. 

picturatus invaded in 1998, green for G. lorreatae or A. bimaculata in 2006,  

and red for N. hostilis in 2016). Evenness declined over time ([(A)];  

F1,17 = 5.73, p = 0.029, R2 = 0.20) but did not differ among or change during 

 range expansions (expansion: F3,17 = 1.74, p = 0.20; expansion*Year:  

F3,17 = 0.72, p = 0.55). All three ecosystem processesô aggregate variability  

had negative relationships with evenness (P in [(B)]: F1,23 = 17.61, p < 0.001, 

 R2 = 0.42; N in [(C)]: F1,23 = 5.74, p = 0.025, R2 = 0.17; detritus in [(D)]: F1,23 = 
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Appendix 1 Figure S1 Map shows locations and hydrologic permanence of ponds used to  

collect caddis for excretion measurements. Inset map magnifies  

Mexican Cut Preserve. Elevational profile travels northwest ñup  

valleyò from the bottom of the map, with blue points representing  

mapped ponds. Table gives elevational and habitat (hydrologic 

permanence) distribution of the 10 larval caddisfly species. * 

indicates documented distributional shift upslope or into a new  
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Appendix 1 Figure S2 Mean (+ 1 S.E.) instar-specific mass-specific nutrient excretion rates  

for A. nigriculus, L. externus, and L. picturatus. Units are nutrient 

excreted (ug) per unit body mass (mg) per day (d). For all instars of  
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Appendix 1 Figure S3 A) Relationship between caddisfly body size and nitrogen excretion  

rates for all ten species. Excretion rates are expressed as a function of  

ug N individual-1 day-1 by multiplying excretion rates in ug mg-1 d-1 by 

each excretion measurementôs respective mean caddisfly mass. The 

 means of these species and instar-specific rates were paired and  

plotted with each species and instarôs mean body mass. B)  
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Relationship between caddisfly body size and phosphorus excretion 

 rates for nine species (H. occidentals omitted because body P content  

was unavailable). Mean instar-specific P excretion per bug (as TDP) 

paired with mean instar specific P body content (A:  R2 = 0.36, F(1,8)  

= 6.07, p = 0.04; B: R2 = -0.64, F(1,7)=15.29, p<0.01). .......................... 121 
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detritus in caddisfly diets predict mean molar 5th instar N:P excretion 
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because dietary data was unavailable (A:  R2 = 0.86, F(1,6) = 44.4,  

p < 0.01; B: R2 = 0.71, F(1,6) = 18.44, p < 0.01; C: R2 = -0.68,  
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Appendix 2 Figure S1 Mean (± 1 SE) per-microcosm daily CPOM (A) and FPOM (B) 

processing rates. Asterisks indicate an invertebrate treatment is 
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Appendix 2 Figure S2 FPOM increases with CPOM processing within the larval caddisfly 

 guild per unit body mass (A: F1,29 = 81.82, p <0.001; FPOM = 

0.319*CPOM ï 0.0067) and per-capita (B: F1,29 = 100.51, p <0.00l; 

 FPOM = 0.319*CPOM ï 0.127). Color indicates species. Regression 

slopes are similar among species (CPOM*Species, A: F5,29 = 1.16, p = 

0.354; B: F5,29 = 1.06, p = 0.407). However, intercepts differ among 

species (Species, A: F5,29 = 2.81, p = 0.035; B: F5,29 = 2.35,  
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Appendix 4 Figure S1 Onset of autumn freeze is occurring later at Schofield Pass  

(USDA NRCS SNOTEL Site 737). A 3-day moving average daily 

temperature was used to determine the first date of subfreezing 
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