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Limnephilus externus Case Grazing Effects on Predation 

 

Abstract  

 Predator prey interactions are essential components of ecosystems, especially in lower 

trophic levels as they fuel many other organisms. Many prey organisms have developed tactics to 

decrease the rate of predation. For example, larval caddisflies build cases out of sedge and other 

detritus in their environment. These cases provide caddisflies with more protection from 

predators relative to other aquatic invertebrates. However, one species of caddisfly, Limnephilus 

externus, has been observed grazing on its case. The reason for this is unknown, but I 

hypothesized that it could make them more vulnerable to predation. Here, I tested how grazed 

and ungrazed cases influenced rates of salamander predation on L. externus. Based on the results 

of the experiment, case grazing does not have a significant effect on predation rates. These 

results narrow down the possible reasons that L. externus case grazes, but further research needs 

to be done to determine to why case grazing occurs.  

 

Introduction 

 Aquatic ecosystems, in particular caddisflies, have been studied for many years at the 

Rocky Mountain Biological Laboratory. Caddisflies are flying insects that are aquatic as larvae 

and live in subalpine ponds and wetlands in central Colorado. Caddisflies have a variety of food 

resources, including detritus, small invertebrates, and other caddisflies (Wissinger 2004). 

Caddisflies are primarily preyed upon by salamanders and predaceous diving beetles. Due to this 

place in the food web connecting detritus to top-predators, caddisflies have very important 

predator-prey interactions that affect the rest of the organisms in trophic levels above them.  

The primary protection that caddisflies have against predators is the cases that they build 

out of sedge and silk, with each species building a unique type of case. Limnephilus externus 

builds very fluffy, lincoln-log like cases which they tend to graze on (Wissinger 2004). They will 

graze on each other’s cases as well as their own. This behavior has not been observed in any 

other species of caddisfly, and the reason for it is unknown (Wissinger 2006). The case grazing 

results in the individual having a tapered case that is smaller around the head and larger around 

the abdomen. Given that caddisfly species with different case structures have different resilience 

against predation (Wissinger et al 2004), we hypothesized that case grazing could result in the L. 

externus being more susceptible to predation. In a previous study, L. externus cases were 

manipulated to simulate different levels of case grazing. The individuals were then exposed to 

Dytiscus dauricus, a predaceous diving beetle, to see if the case size post-grazing affected the 

rate at which the caddisflies were eaten. The experiment resulted in no significant difference 

between predation rates. While this study provided very interesting information, it did not 

account for the other main predator of L. externus, the Arizona Tiger Salamander (Ambystoma 

tigrinum nebulosum).  

Here, I tested if case grazing affects predation rates of Ambystoma tigrinum nebulosum 

on Limnephilus externus. I hypothesize that caddisflies with grazed cases are consumed more 

frequently than caddisflies with fluffy cases (Figure 1). However, based on the previous case 

grazing study with Dytiscus beetles, my alternate hypothesis is that there is no difference 

between in the predation on caddisflies with grazed and ungrazed cases.  



  

Methods 

 In order to test my hypothesis, I designed an experiment wherein I treated the L. externus 

in three different ways to create different case sizes. One treatment selected caddisflies that had 

completely intact cases that had not been grazed on. These caddisflies had very fluffy cases with 

a lot of sedge. The second treatment selected caddisflies that had grazed cases. These caddisflies 

had skinny cases with less sedge. The third treatment was cutting caddisfly cases to create an 

intermediate size between the fluffy case and the grazed case. These caddisflies had evenly 

narrow cases that were smaller than the fluffy cases but bigger than the grazed cases. The cases 

were cut using scissors, while holding the caddisflies under water. In each of these treatments 

there was 80 individuals, resulting in 240 caddisflies total. I used A. tigrinum nebulosum as the 

predator for the caddisflies in this study, and used 15 individual paedomorph salamanders, all of 

similar size and large enough to consume 5th instar L. externus. All caddisfly specimens were 

collected from Fish-hook pond (Map 1). All salamanders were collected from Marshall Pass 

(Map 2) with assistance from Dr. Howard Whiteman and Dr. Scott Thomas.  

 To simulate a natural environment, 24x 5 gallon microcosms were set up in a weather 

port at RMBL. These microcosms contained water as well as known quantities of sedge for the 

caddisflies to hide in and eat. Before caddisflies and salamanders are added to the microcosms, 

they were weighed and measured. The salamanders were also isolated for 24 hours before they 

were added to the microcosms to ensure that they were hungry.  

 Five microcosms contained 10 caddisflies with ungrazed, naturally fluffy cases and one 

salamander. Five microcosms contained 10 caddisflies with grazed cases and one salamander. 

Five microcosms contained 10 caddisflies with experimentally grazed cases and one salamander. 

Three microcosms contained 10 caddisflies with ungrazed cases, three microcosms contained 10 

caddisflies with grazed cases, and three microcosms contained 10 experimentally grazed cases 

(Table 1). These nine microcosms acted as controls to account for caddisfly cannibalism as well 

as natural death.  

 
Table 1: Number of replicate experimental tanks that included 10 caddisflies of each of three treatments, fluffy, grazed, and 
experimentally grazed cases crossed by the presence/absence of salamanders. 

 Salamander No salamander 

Fluffy cases 5 3 

Grazed cases 5 3 

Experimentally grazed cases 5 3 

 

 Periodic counts of the caddisflies were conducted throughout the experiment. These 

counts were done to monitor the rate at which salamanders were preying upon the caddisflies to 

monitor any natural death that occurred within the controls. Based on these counts, the 

experimental microcosms ran for 5 days. Behavioral observations were also conducted twice 

during the experiment; each time lasting for 5 minutes.  

 At the end, all caddisfly specimens were counted, weighed, and measured. I used a two-

way analysis of variance (ANOVA) with salamander size as a covariate in the model to analyze 

predation rates on L. externus.   

 This first experiment began on July 13th. Caddisflies were added to the microcosms on 

July 13th at 3:30 PM and salamanders were added on July 14th at 9:00 AM. The experiment 

ended on July 19th.  



 The outcome from this experiment was not what was expected, with salamanders eating 

less caddisflies that predicted and some salamanders eating no caddisflies. I hypothesized that 

this happened because the weather port got hot during the day. Salamanders are more 

comfortable in colder temperatures, but more importantly warm water does not hold as much 

oxygen as cold water. This lead to the salamanders being oxygen stressed. Due to this, I decided 

to rerun the experiment in more natural conditions. The second phase of this experiment was 

conducted at Mexican Cut preserve (Map 3).  

 My second experiment only included 2 caddisfly case treatments, naturally fluffy and 

naturally grazed. This is because the caddisflies at Mexican Cut are smaller than the caddisflies 

at Fish-hook pond, and therefore it would be more difficult to cut the cases to an intermediate 

size, which could also stress the caddisflies. My second experiment also used 5 gallon 

microcosms, each with a known quantity of sedge, however only 18 replicate tanks were used 

because there were only 2 treatments. The microcosms were set up in a shaded area at Mexican 

Cut, and lids were placed on each tank. Paedomorph Tiger salamanders were used as the 

predator again. Salamanders were isolated to ensure that they were hungry when added to the 

microcosms. All salamanders for this experiment were collected from Mexican Cut ponds 1 and 

12.  

 Six microcosms contained 10 caddisflies with ungrazed, naturally fluffy cases and one 

salamander. Six microcosms contained 10 caddisflies with grazed cases and one salamander. 

Three microcosms contained 10 caddisflies with fluffy cases and three microcosms contained 10 

caddisflies with grazed cases (Table 2). These six microcosms acted as controls to account for 

caddisfly cannibalism as well as natural death. 

 
Table 2: Number of replicate experimental tanks that included 10 caddisflies of each of two treatments, fluffy and grazed cases 
crossed by the presence/absence of salamanders. 

 Salamander No salamander 

Fluffy cases 6 3 

Grazed cases 6 3 

 

 Periodic counts of the caddisflies were again conducted. Based on these counts the 

microcosms were left up for 88 hours. Because no data was successfully collected from the 

behavioral observations in my first experiment, behavioral observations were not conducted in 

my second experiment.  

 At the end, all caddisfly specimens were counted, weighed, and measured. I used a two-

way analysis of variance (ANOVA) with salamander size as a covariate in the model to analyze 

predation rates on L. externus.  

This experiment began on July 25th. Caddisflies were added to the microcosms at 11:00 

AM and salamanders were added at 6:20 PM. The experiment ran until July 29th. 

 

 



          Map 1. Fish-hook Pond 

 

        Map 2. Marshall Pass 

 

         Map 3. Mexican Cut Preserve 



 

Results 

 There was no statistically significant effect of L. externus case type on salamander 

predation rate in my first experiment conducted in a weatherport near RMBL (Figure 1; F = 2/16, 

p = 0. 38425, R2 = 0.1021). Although the caddisflies with experimentally grazed cases were 

eaten slightly less than the caddisflies with fluffy and grazed cases, this trend was not statistically 

significant. 

 

Figure 1. Survival rates of L. externus with different case treatments with and without 

salamanders. FP = Fluffy case with salamander predator, GP = Grazed case with salamander 

predator, CP = Experimentally grazed case with salamander predator, F = Fluffy case without 

salamander predator, G = Grazed case without salamander predator, C = Experimentally grazed 

case without salamander predator.  

 

The results from the survival rates of the caddisflies at Mexican Cut are depicted in 

Figure 2. (Figure 2; F = 1/14, p = 0.8426, R2 = -0.1536). There were no significant results from 

this experiment.  



 

 

 

Figure 2. Survival rates of L. externus with different case treatments with and without 

salamanders. FP = Fluffy case with salamander predator, GP = Grazed case with salamander 

predator, F = Fluffy case without salamander predator, G = Grazed case without salamander 

predator. 

 

 Data from caddisfly weights and measurement as well as salamander weights and 

measurements are still being processed.  

 

Discussion 

 Limnephilus externus case grazing is a behavioral phenomenon that has only been 

observed in this specific species of caddisfly and the reason for it is unknown. One hypothesis is 

that L. externus individuals graze their own or conspecifics cases because the silk used to bind 

their cases together is rich in nutrients, particularly relative to the nutrient-poor detritus used in 

case construction (Balik et al. 2018). Regardless of why case grazing occurs, this experiment was 

designed to determine if case grazing has any effect on predation of salamanders on L. externus. 

Here, I found that case grazing did not have any strong effects on predation. This suggests that 

case grazing activity would not prompt changes in predator-prey interactions between L. 

externus and Arizona Tiger Salamander. 

Still, the question of why L. externus case grazes remains. One possibility is that case 

grazing occurs more frequently in more densely populated ponds due to there being less 

resources available and more frequent conspecific encounter rates. Case grazing also could 

depend on the type of sedge that the individual builds its case out of, with some sedge being 

more desirable to eat. For example, brown sedge detritus with a microbial biofilm comprised of 

fungi and bacteria is likely a more nutritious food resource than green living sedge (Barlocher 

1985). Thus, selectively grazing cases for their sedge type or their silk contents could also allow 

the caddisflies to grow faster and therefore pupate and leave the ponds faster.  



  Another reason why more research needs to be done into the mechanism behind L. 

externus case grazing is because in 2016 a new species of caddisfly, Nemotaulis hostilis, was 

recorded at Mexican Cut Preserve. This caddisfly moved up in elevation due to climate change. 

This is significant to L. externus because they use many of the same resources, and this 

interspecific competition for sedge detritus and habitat space could alter how L. externus builds 

its case or conspecific case-grazing rates.  
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