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Abstract:  
 
In small temporary ponds (“Kettle Ponds”) near the Rocky Mountain Biological Laboratory in 
Gothic, Colorado, several species of detritivorous caddisflies coexist as detritus processors. 
Three congeneric caddisflies, Limnephilus externus, Limnephilus sublunatus, and Limnephilus 
tarsalis play an important role in aquatic trophic cascades by: 1) liberating N and P stored in 
detritus and 2) stimulating algal growth, as well as being a direct food source for carnivores. To 
test whether these species have the same trophic position and ecosystem function, and therefore 
are functionally redundant, I assembled single-species and multi-species assemblages with the 
same total biomass in microcosms for 30 days and compared water nutrient levels (NH4+ and P) 
and algal growth as the experiment progressed. I predicted that multi-species caddisfly 
treatments would process more detritus to support the hypothesis that each species occupies a 
specific niche and so are not functionally redundant. I also predicted that higher detritus 
processing would lead to more nitrogen and phosphorus in the water and thus higher algal 
growth. Experimental results did not support that hypothesis, but other confounding factors like 
intraguild predation within the multi-species microcosms may have biased outcomes. In a 
broader context, these results provide evidence that detritivores have significant impacts on 
greater algal growth and the release of nutrients back up aquatic trophic cascades.  
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Introduction:  
 

Diversity is an important element of ecology and is usually an indicator of ecosystem 
health because of its link to productivity and community stability (Loreau et al. 2001, Giller et al. 
2004, Riess et al. 2009). An underlying assumption of the biodiversity-ecosystem function (BEF) 
concept is that even closely related species have different effects on biophysical processes 
(nutrient transfers, energy flows); i.e., species are not “functionally redundant.” If a species were 
functionally redundant, the loss of that species might have little impact on ecosystem function.  

The BEF concept and research in functional redundancy is based on the general 
observation that closely related species can coexist because of partitioning along one or more 
niche dimensions. Because of resource partitioning, functional redundancy may not exist to a 
high enough degree to completely recover if a species deletion occurs. Thus, a decline in the 
population of even one species has the potential to lead to a decline in ecosystem function 
despite the presence of other closely-related species that play a similar, but slightly different role 
in an ecosystem (Cardinale et al. 2002). 

Most research on how species diversity affects ecosystem function has focused on green 
pathways (plants herbivores carnivores) in food webs. However, primary consumers like 
herbivores harvest only a small fraction of primary production of photosynthesizing plants; most 
plant nutrients and energy enter terrestrial and aquatic food webs as detritus, or dead organic 
matter (Oertli 1993). Because detritivores mobilize detritus-bound nutrients and energy, they 
have the potential to affect many ecosystem functions (Moore et al. 2004). Thus, quantifying the 
pathways by which detrital energy and nutrients are released is critical for understanding 
ecosystem function. Despite this appreciation for the importance of detritus to ecosystems, not 
much research has addressed the degree to which a decline in diversity of macro-detritivores—in 
this case, caddisflies—affects an ecosystem (Cardinale et al. 2002, Creed et al. 2009). 

Previous studies indicate that detritivorous caddisflies play a pivotal role in the 
remobilization of nutrients and energy to the consumer food web of high-elevation ponds. 
Because these habitats are oligotrophic (and thus have low levels of nutrients, making sustaining 
life difficult) they are dependent on detritivores that can free-up nutrients from the surrounding 
environment (Klemmer et al. 2011.; Thornton and Wissinger ms). In both of these studies, 
detritus breakdown rates, conversion of detritus to animal tissue, the release of plant nutrients 
(nitrogen and phosphorus), and algal growth all increase 2-3 fold across a range of caddisfly 
densities that reflect natural fluctuation in abundance. Those studies focused on the caddisfly, 
Limnephilus externus, which is the only species that occurs in subalpine (>3000 m elev.) 
permanent ponds with paedomorphic tiger salamanders. These previous investigators argue that 
because there is no functional redundancy for L. externus (i.e., no other detritivores in those 
communities), this one species should play an inordinately important role in permanent pond 
ecosystem function (Klemmer et al. 2011; Thornton and Wissinger, ms).    

The purpose of my study was to determine the degree to which species–level diversity 
enhances detritus processing by detritivorous caddisflies in montane temporary ponds. In the 
Kettle Ponds (~2800 m elev.) south of Gothic, long-duration (dry late in summer or early fall) 
temporary ponds contain 3-6 species of detritivorous caddisflies. Survey data collected during 
the ten days prior to the start of the experiment indicated that multi-species assemblages in the 
Kettle Ponds include 3-4 species in the genus Limnephilus. To test the hypothesis that mixed-
species assemblages process more detritus, and therefore mobilize more detrital nutrients and 
energy, I compared detritus processing in single-species vs. mixed species assemblages with the 



same total biomass of caddisflies. I used three abundant caddisflies (Limnephilus externus = Le; 
L. sublunatus = Ls, and L. tarsalis = Lt) that co-occur in many of the Kettle Ponds and Marshes 
(K1, K4, K5, K6, M1, M2) to the south of Gothic. I predicted that more detritus would be 
processed in the presence of these three caddisfly species than in the presence of a single species 
of caddisfly at the same total-biomass density. I also predicted that higher detritus processing 
would lead to higher concentrations of nitrogen and phosphorus in the water and thus higher 
algal growth. 
 
Methods:  
 
General Experimental Design  

The experiment was conducted in a temporary field laboratory (WeatherPORT, Hansen 
WeatherPORT, Delta, CO) in front of Willey Lab using the same microcosms used by Thornton 
and Wissinger (ms). We set up five treatments with five replicates of each treatment in 
microcosms with a resulting 25 total microcosms (Table 1).  

 
Table 1: Experimental treatments and replication 
Treatment Control L. externus 

alone 
L. sublunatus 
alone 

L. tarsalis 
alone 

Three species 

Microcosm 
replication 

n = 5 n = 5 n = 5 n = 5 n = 5 

 
Caddisflies used in the experiment were collected from the Kettle Ponds and Marshes (K1, K5, 
K6, M1) located at Rocky Mountain Biological Laboratory. The 0.25 m2 microcosms (except the 
no-caddisfly controls) were stocked with 24 large (Le and Ls) or 48 small (Lt) caddisflies to hold 
the total biomass of detritus processors approximately constant. This stocking density 
corresponds to the inflection point (100m¯²) of asymptotic responses in a previous experiment in 
which densities of L. externus were manipulated—this density had the highest detrital process in 
microcosms of this size (Thornton and Wissinger, ms). The treatments were randomized in their 
arrangement in the WeatherPORT to prevent a bias of sunlight exposure.   
 On days 10, 20, and 30 of the experiment, I measured nutrients (N and P) in the water 
column and algal biomass estimated from chlorophyll-a. At the end of the experiment (30 days) I 
measured the amount of detritus remaining and caddisfly developmental stage (larval instar, 
pupa, or adult if an empty case was present). 
 
Microcosm Setup 

Twenty-five microcosms were filled with 9000ml of well water, 20g of sedge detritus, 
and 5g of willow detritus (after Thornton and Wissinger, ms). This ratio reflects the shoreline 
coverage (4/5 sedge and 1/5 willow growth) of the detritus sources in the Kettle Pond habitats 
(K1, K4, K5, K6, M1, M2) where L. externus, L. sublunatus, and L tarsalis coexist (Wissinger et 
al. 1999). Sedge (Carex aquatilis) and riparian willow (Salix brachycarpa) detritus were 
collected and air-dried for 96 hours. The dried detritus was weighed and divided into 0.25m² 
microcosms (51x36x13cm). The microcosms were allowed to incubate for five days to 
encourage microbial colonization before introduction of caddisflies (after Klemmer et al. 2011).  

Caddisfly foraging on algae can obscure effects of increased nutrient levels on algal 
growth.  Thus, a mesh screen with holes small enough to keep out caddisflies but large enough to 



allow flow of water and some detrital material was secured in one corner of each microcosm. Six 
periphyton tiles (area = 6.5cm² for each) were placed behind this screen and six in the adjacent 
corner without a screen. A comparison of algal growth on grazed vs. ungrazed tiles provided an 
estimate of caddisfly grazing on benthic algae. The tiles were inoculated by scraping algae from 
the sides of the cattle tanks in the research meadow and washing the algal solution into a shallow 
tub of water with the tiles. After 5 days of inoculation, the tiles were placed in the microcosms. 
 
Detritus Analysis 

On day 30 of the experiment, remaining detritus was separated into course particulate 
organic matter (>1mm) and fine particulate organic matter (<1mm) using 1 mm mesh screen. 
The course detritus (>1mm) was dried at 60°C for 24 hours and weighed. Aliquots (0.25g ± 
0.0005 g) of dried sample were ashed at 550°C for two hours to confirm uniformity in end-
detrital composition (all had a loss of ~96% mass). The mean course detritus mass for each 
treatment was compared with a one-way ANOVA test.  
 
Estimating Nutrient Levels (N and P) 

Ammonium (NH4+) - nitrogen and total phosphorus (P) concentrations in the water were 
measured on days 10, 20, and 30 in each microcosm during the experiment. To estimate total 
phosphorus (P), 50 mL of filtered water was collected from each microcosm. The samples were 
oxidized (to push all P to PO4) by adding 0.4 g of potassium persulfate and were boiled in a 
water bath for 1 hour.  After cooling, 8 ml of mixed reagent (Strickland and Parsons 1968) was 
added to each sample and the absorbance at 885 nm was recorded using a spectrophotometer 
(Milton Roy Spectronic 401, Rochester, NY, 14625).  Total soluble P was interpreted from a 
standard curve of known concentrations analyzed parallel to the samples (Ostrofsky and Rigler 
1987).  

To measure NH4+, 40 mL of filtered water was extracted from the center of each cage 
and mixed with 10 mL of OPA (phthaldialdehyde) reagent in amber Nalgene® bottles after 
Taylor et al. (2007). The water samples were processed with a Turner Designs Trilogy 
Laboratory Fluorometer (model # 7200-000; Sunnyvale, CA 94085) and analyzed using standard 
addition protocol I in Taylor et al. (2007). A two-way ANOVA was used to test for the date 
effects and caddisfly treatment effects on NH4

+- N and total soluble phosphorus (TDP). 
 
Chlorophyll-α Analysis 

To estimate algal responses to detritus processing, twelve periphyton tiles (area = 6.5cm²) 
were placed in each microcosm. Six tiles were in an unprotected area of the microcosm and 
could therefore be grazed by caddsiflies, and six were behind a mesh screen to protect them from 
grazing but expose them to the same water and nutrient conditions (after Klemmer et al. 2011). 
Every ten days, two protected and two unprotected tiles were collected for sampling. Each pair 
of tiles was placed in a small plastic bag (Whirlpak Bag, Nasco, Modesto CA). Ten milliliters of 
buffered ethanol (90%) was added to each bag of tiles to lyse the algal cells and release 
photosynthetic pigments (Nusch 1980). After lysing for 12 to 24 hours, a 3mL aliquot of the 
ethanol extract was analyzed for chlorophyll-a concentration with a Turner Designs Trilogy 
Laboratory Fluorometer (model # 7200; Sunnyvale, CA 94085), treated with 4 drops 0.1 N 
hydrochloric acid, and then re-analyzed to account for phaeophytin. 

A 3-way analysis of variance (ANOVA) was used to test for date effects, caddisfly 
treatment effects, and grazing effects on the periphyton tiles. We did not use repeated measures 



because new periphyton tiles and new water samples were measured on each date (10, 20, and30 
days: Sokal and Rohlf 1981). A subsequent two-way ANOVA was used to analyze effects of 
caddisfly treatments and grazing on final chlorophyll-α concentration on ungrazed tiles.  
 
Statistical Analysis 

For each of the response variables above, I calculated an expected value for the three-
caddisfly treatments assuming additive effect [ ∑ (mean from single-species treatments / 3)] and 
then re-ran the analyses with this additional value to compare the expected and observed values 
of the three-species treatments using a post-hoc multiple comparisons test in the context of the 
overall variation in treatment means. 
 
Results: 
 
Detritus Decay 
 At the end of the experiment, there were significant differences between original mass 
and remaining mass of detritus across caddisfly-occupied treatments (one-way ANOVA, F3,15 = 
13.25; p = 0.0002; Fig. 1). Post-hoc multiple comparisons tests (Fisher’s PLSD) revealed that the 
remaining detritus was significantly less (p < 0.05) in caddisfly treatments than that in the no 
caddisfly controls except for the L. tarsalis treatment (p > 0.05). When the analysis was 
conducted with the predicted value for the three-species treatment, I found no difference between 
observed and predicted (additive) values (p > 0.05; Fig. 1).  
 
Phosphorus Analysis 
 Results of phosphorus analysis show that total phosphorus concentration significantly 
increased (F2,60 = 2.210, p = 0.0391) in all caddisfly-occupied treatments in the first ten days then 
dropped off in the two subsequent sampling dates. After the first sampling, the controls were no 
longer significantly different in phosphorus concentration compared to all other caddisfly 
treatments (Fig. 2). 
 
Ammonium Analysis 
 Because of analysis issues early on, results for ammonium analysis were only possible for 
the final sampling date. These data show that nitrogen concentrations on the final date of 
sampling were nearly identical (were not significantly different) across caddisfly-occupied and 
caddisfly-free treatments (F4,15 = .253, p = 0.9033; Fig. 3).  
 
Chlorophyll-a Analysis 
 Chlorophyll-a accumulation on periphyton tiles increased over the course of the 
experiment. Grazed tiles (those accessible to caddisflies) had significantly smaller amounts of 
chlorophyll-a than the ungrazed (inaccessible) tiles (F4,118 = 5.478, p = 0.0004; Fig. 4), suggesting 
that caddisflies exploited algae as a food source and so can mask their own stimulatory effect on 
algal biomass growth.  
 When just the ungrazed tiles were examined (Fig. 5), the chlorophyll-a stimulatory effect 
of the caddisflies in all treatments was significant, especially as time went on (F4,59 = 8.760,  
p < 0.0001; Fig. 5). Figure 6 shows that the observed three-species treatment effects were not 
significantly different from the additive predictions of a null hypothesis (that the caddisflies are 
not more efficient when in multi-species assemblages) (F2,22 = 0.080, p = 0.9232; Fig. 6). 



 
Differential Survival Rates 

Counts of the caddisflies remaining in the microcosms at the end of the experiment 
showed a differential survival rate among the treatments (F3,61 =4.46, p = 0.018). Multiple 
comparison tests indicated that survival was significantly lower in the mixed-species treatments 
compared to the single-species treatments (between single species, p = 0.5859, p = 0.2546, and   
p = 0.5404; and between single species and multi-species, p = 0.0036, p = 0.0116, and p = 
0.0409), especially for the two smallest species when they were in multi-species microcosms 
(Fig. 7). 
 
Discussion: 
 
Evidence for a Diversity Effect on Detritus Processing and Nutrient Feedbacks on Algae 
 As major ecosystem service providers, detritivorous caddisflies are key in linking 
nutrients between the brown and green trophic paths in aquatic habitats—especially when those 
habitats are oligotrophic, and hence nutrient liminted. Mobilization of detrital nutrients and their 
re-entry into the consumer foodweb is an alternative to their burial and subsequent sequestration 
in anaerobic peats and other organic sediments (Oertli 1993). Because of their role in 
ecosystems, further investigation into niche partitioning and species-specific function is 
important. In this experiment, the importance of diversity was investigated to determine whether 
the three species (L. externus, L. sublunatus, and L. tarsalis) are functionally redundant or if they 
are distinctly important in their functions.  

With the exception of L. tarsalis, caddisflies clearly enhanced detritus decay rates 
compared to that in the control (in which detritus was lost by microbial processing only), a result 
that is consistent with previous results (Klemmer et al. 2011, Thornton and Wissinger, ms). 
Detritus processing led to increased water column phosphorus concentrations and increased 
levels of algal biomass, at least initially, suggesting that caddisfly detritus processing provides a 
nutrient feedback to the algal-grazers of pond food webs. However, for all of the response 
variables, there was no evidence that this ecosystem function feedback was enhanced by the 
presence of multiple species of caddisflies as compared to the same biomass of single species. 

This result differs from Cardinale et al. (2002) who found that species diversity in stream 
caddisflies that filter fine particulate organic matter produced the highest rates of ecosystem 
function (filtering) because of niche partitioning within the water column. One explanation for 
the absence of a diversity effect in my experiment is that the caddisflies have comparable per-
biomass detritus foraging rates and prefer the same detrital resources, and thus are functionally 
redundant. An alternative explanation is that they are actually not functionally redundant, but 
that aggressive interactions (interference competition, intraguild predation) in the mixed species 
treatment masks a greater than additive effect on detritus processing. In a study on aphid 
parasitoids, intraguild effects had a primary effect in population fluctuations (Brodeur et al. 
2000). They found that when more than one species of parasitoid was exploiting a host resource, 
species in the same guild (members of the same trophic position) would come into greater 
contact and, coupled with lower density of host and higher density of parasite, have an adverse 
effect on parasite populations. Brodeur et al. (2000) also found these effects to be amplified in 
the laboratory compared to field experiments. 

Such intraguild predation and interference have been observed in some detritivorous 
caddisflies as well (Wissinger et al. 1996, 2004, 2006a,b), but the particular species 



combinations in my experiment have not been explored. The survival data in mixed species 
treatments for L. tarsalis suggest this small species might be especially vulnerable to intraguild 
predation. Such effects have been considered both empirically and theoretically for impacts on 
shared prey (Vance-Chalcraft et al. 2007), but not to my knowledge for impacts on an ecosystem 
function such as detritus processing. 
 
Algal Grazing by Caddisflies 

Ungrazed periphyton tiles had consistently higher levels of chlorophyll-a than the grazed 
tiles—this provides evidence that caddisflies initially benefit from detrital resources when they 
first consume dead plant material, and then benefit a second time when they can harvest the algal 
stimulated by their own excretion. This double-harvest has not been previously reported and 
would be an interesting area of future research that compares caddisfly growth and development 
with (light) and without (dark) the added effects of stimulated algae. It also provides a caveat for 
demonstrating the stimulatory effect of detritus processing in open ponds – i.e., periphyton tiles 
placed in open pond systems will need to be protected from caddisfly grazing so that it does not 
mask the effects of detritus processing on nutrient release and subsequent stimulation of algal 
growth (Wissinger and Thornton, ms). 

 
Algal uptake of nutrients can potentially mask nutrient feedbacks 

When water nutrient levels were analyzed, phosphorus concentrations spiked at the 
beginning of the experiment and decreased in concentration as time went on. One possible 
explanation for this is that once algae became established there was greater uptake of 
phosphorus. The lack of any treatment effects on ammonium concentrations is consistent with 
this interpretation. This could also serve as evidence that the algae was strongly established and 
was taking in these excreted nutrients.  
 The chlorophyll-a data supports this algal uptake theory: as time progressed and water 
nutrient levels decreased, chlorophyll-a levels increased. With greater algal biomass there would 
be lower water nutrient concentration. The date effect of increased algae was most clear on the 
ungrazed tiles because they represented the stimulatory effect of caddisfly excretion on algal 
growth unaffected by caddisflies re-grazing on the algae. However, observed multi-species 
treatment levels of phosphorus, ammonium, and chlorophyll-a were not significantly different 
from calculated additive effects, therefore failing to support the hypothesis of greater ecosystem 
function in multi-species assemblages.  
 
Summary, Conclusions, & Future Studies 
  Additive vs. observed comparisons in the experiment suggest the caddisflies are 
functionally redundant; i.e., that they fill the same niches and so have approximately the same 
additive effects. Although this is the most parsimonious interpretation, it is also possible that they 
do have different functional roles, but they interfere with each other when placed in the 
experimental conditions of this study. In this study, percent survival for the multi-species 
assemblages was significantly lower when compared to the single-species counts (Fig. 7). 
Because of this higher mortality rate, the expected increased level of ecosystem functions in 
multi-species assemblages may have been masked. 

According to experimental results, it appears that multiple vs. single-species assemblages 
of detritivorous caddisflies: 1) process similar amounts of detritus, 2) excrete similar amounts of 
plant nutrients (N & P), and 3) similarly stimulate algal growth, at least in the three species 



studied. The data suggests the congeners in this experiment are functionally redundant, but the 
gut contents of several preserved individuals from my experiment will be examined to determine 
their diet preferences. Niche partitioning is still possible, but based on the experimental results 
thus far I expect similar diets. 

Though the experimental results on functional redundancy in this experiment are 
somewhat ambiguous, a key finding was documented in the double-harvesting phenomenon of 
caddisfly algal grazing. The significant difference between grazed and ungrazed tiles in the same 
treatment conditions (Fig. 8) shows significant impact of caddisflies on algal grow not only in 
the positive (provision of algal nutrients in the form of N & P) but also in the negative (the 
depletion of algae as grazing occurs). This finding is important first in that it informs researchers 
that protecting algal growth surfaces from grazing in the field is important if accurate 
chlorophyll-a readings are to be expected, and second in that caddisflies are having a double 
effect on their environment in this way. They reap the benefits of detritus processing twice over, 
once when dead plant matter is being chewed for its caloric value and once when the algae, 
stimulated by the caddisflies’ own excretion, is harvested. This “double-dipping” into the aquatic 
trophic ladder would be an excellent area of future study. 
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Appendix: Figures, tables, and full statistical data 
Bars and letters in all Figures indicate groupings of treatments that do not differ based on a post-
hoc multiple comparison test (Fisher’s PLSD).  
 
 
 
Figure 1: Detritus Analysis.  

 
 
 
 
 
Figure 2: Phosphorus Analysis 

 
 
 



 
Figure 3: Ammonium Analysis 

 
 
 
 
 
 
Figure 4: Chlorophyll-a Analysis  

 
 



 
Figures 5, 6: Chlorophyll-a Analysis 
 
 

 
  
 
 
 
 
 
Figure 7: Percent Survival 

 
 
 



 
Figure 8: Chlorophyll-a analysis: difference between grazed and ungrazed shows the need to 
cage periphyton-gathering surfaces in the field for more accurate measurements of chl-a. 

 
 
 
 
 
 
Table 2: Statistical data for Figure 1, Detritus Analysis 

 
 
 
 
Table 3: Statistical data for Figure 2, Phosphorus Analysis 

 
 
 



Table 4: Statistical data for Figure 3, Ammonium Analysis 

 
 
 
 
Table 5: Statistical data for Figure 4, Chl-a analysis for all dates, all treatments, and all dates 

 
 
 
 
Table 6: Statistical data for Figure 5, Ungrazed Tiles Only 

 
 
 
 
Table 7: Statistical data for Figure 6, Three Species Combined and compared to additive effects 

 
 
 



Table 8: Statistical data for Figure 7, Percent Survival 

         
Table 9: Statistical data for Figure 8, Chlorophyll-a analysis comparing caddisfly treatments and 
caddisfly-free treatments 

 
 


