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ABSTRACT 

Aquatic invertebrates in rivers experience a high level of variability throughout 
their lifespan and serve as important foundations for watershed food webs in 
addition to being bioindicators. One such invertebrate, the Limnephilidae 
caddisfly, expresses a unique behavior in which the larvae construct body cases 
as a means of protection from predators and the surrounding environment. We 
investigate whether larval caddisfly possess a behavioral plasticity regarding 
changes in river flow when building their cases. We surveyed case composition 
of larvae in the natural environment. We also conducted reciprocal transplant 
experiments to test material preference in fast, slow, and still sites. Our findings 
indicate that the larvae express plasticity to an extent when in the treatment 
environments, however the original environment of the larvae seemed to be a 
strong predictor of material preference. Thus, while aquatic invertebrates may 
be able to adapt to sudden changes within their environment, that ability is very 
limited. 

 
 

INTRODUCTION 

All ecosystems exist under continuous 
and inevitable environmental change. 
Day to night, season to season, year to 
year, physical conditions are in constant 
flux across temporal and spatial scales, 
so life everywhere must be adapted to 
some level of environmental change. 
Whether it is an annual transition 
between rainy periods or seasonal 
fluctuations in temperature, organisms 
have adapted life histories around 

variation (Mousseau and Roff 1989). 
However, sporadic and potentially 
disruptive events such as wildfire or 
flooding are also common occurrences 
in the natural world, as are strong 
directional changes in temperature and 
precipitation, increasing variability 
around existing climate regimes 
(Stewart et al. 2004). These 
environmental shifts can be highly 
detrimental to organisms, but also have 
the potential to create novel 
opportunities (Torsvik et al. 2002). The 
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extent to which an organism is capable 
of altering its behavior can be the 
deciding factor in its ability to succeed 
through this change. This capacity for 
change within the lifetime of a single 
organism has been described as 
behavioral plasticity (Relyea 2001). It is 
likely beneficial for populations to 
possess a greater degree of plasticity in 
the kinds environments that experience 
the most change. Among some of the 
most variable systems available to study 
are rivers. 

Within a single river there exists 
fluctuations on multiple scales. Volume, 
flow, temperature, organic inputs, 
shade, and solar radiation can be 
drastically different from headwaters to 
river mouth, resulting in pronounced 
variation in biotic communities 
(Vannote et al. 1980). On a smaller 
scale, pools and riffles within close 
proximity of the river often 
demonstrate variation in species 
composition, and even the distribution 
of species within cross sections of a 
river can differ from bank to riverbed 
(Finlay et al. 2002; Power et al. 2008). 
Additionally, for each river the intensity 
of flow and subsequent distribution of 
nutrients, habitats, and species changes 
with the seasonality of precipitation 
(Power et al. 2008). This season to 
season difference in rivers is likely more 
intense for some climates, such as those 
in Mediterranean climates, with 
characteristically stark shifts between 
dry summers and wet winters (Dettinger 
and Diaz 2000). One major contributor 
to variation within rivers is global 
climate change, which is of special 
concern. This is affecting the timing, 
length, and quantity of precipitation, 

ultimately altering the seasonal flow of 
water and nutrients within rivers 
(Stewart et al. 2004). Despite the 
numerous levels of variability in river 
systems they are still capable of 
supporting a large amount of lower 
trophic level biomass, such as 
freshwater invertebrates. 

As primary consumers, freshwater 
invertebrates are a critical link between 
aquatic flora and fauna in river 
ecosystems (Nakano and Murakami 
2001). Additionally, these invertebrates 
are important to terrestrial organisms 
further up the trophic scale, including to 
humans through the harvesting of 
salmonid predators (Brewitt 2002). 
While these freshwater invertebrates 
have adapted to the cycling 
environmental conditions of rivers, 
particularly the seasonality of water 
flow, there exists the question of how 
these large communities will deal with 
the blanket effects of climate change. 
One prominent group of invertebrates 
commonly found in river systems are 
the caddisflies (order Trichoptera). 
Caddisfly larvae exhibit behaviors 
uniquely tied to their environment in 
that they build protective cases using 
materials found on river or streambeds 
(Ferry et al. 2013). This easily 
observable interaction makes them a 
good organism to use in evaluating 
behavioral responses to environmental 
change.  

In this study, we investigated the 
effect of water flow on the case 
composition choice of caddisfly larvae. 
We hypothesized that the original flow 
in which caddisflies are found, as well as 
novel flow conditions, would play a role 
in material preferences when building 
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their cases. We aim to use our findings 
to learn about the flexibility in case-
building behavior of an important group 
of aquatic consumers, drivers of choice, 
and implications for these animals under 
continuing environmental change. 

METHODS 

2.1 Natural History of Study Site 

We conducted research from May 6th, 
2018 to May 9th, 2018 at the Angelo 
Coast Range Reserve located within 
Mendocino County, California. The 
reserve encompasses approximately 
8,000 acres of the South Fork of the Eel 
River, a major salmon-bearing river in 
Northern California. The South Fork Eel 
is composed of coniferous and mixed-
hardwood forest on steep terrain 
surrounding the main stem river and 
several major headwater tributary 
stream, with meadows and several 
abandoned homesteads occurring on 
river terraces.  

The river, as a whole, hosts three 
species of anadromous salmonid and 
the watershed supports ecologically 
significant carnivore species like the 
mountain lion, black bear, and grey fox. 
Bats and many different bird species can 
also be found along the watershed. A 
wide variety of environment types and 
microhabitats exists in and around the 
river, one of the more unique ones 
being the ephemeral pools. The pools 
last only during the spring and early 
summer months, but they provide a 
critical environment for reproduction 
for multiple amphibian and invertebrate 
species.  

It was in looking more closely at the 
invertebrate species that we chose to 
study fly family Limnephilidae because 
they are known to reside along most 
parts of the river and use a wide variety 
of material including stones, small 
sticks, pine needles, and other plant 
debris to build their cases out of. 
Furthermore, because the larvae feed 
on periphyton, which is known to 
absorb pollutants (Goldsborough 2005), 
not only are they a significant primary 
producer, they are also a bioindicator 
for the overall health of the South Fork Eel. 

2.2 Research Design 

Our research examined material 
choice in case-building between stone 
and plant material by requiring caddisfly 
larvae with originally mixed-material 
cases to build new cases from scratch. 
We tested whether material choice (i.e. 
the relative proportion of stone and 
plant material in fully constructed cases 
quantified as percentage) varied 
depending on flow regime in which 
uncased larvae were placed. We 
additionally tested whether flow regime 
from which test subjects were originally 
collected influence their behavior in 
new, or treatment, environments.  

To examine caddisfly case-building 
behavior in the natural environment, we 
surveyed caddisfly case composition at 
15 sites along the Eel (Figure 1). The 
sites consisted of three still pools 
adjacent to and originally fed by the 
river, six slow flow areas, and six fast 
flow areas. When surveying, areas of 
rapidly moving water (or “white water”) 
were categorized as fast flow, and areas 
of moving water with a clear, directional 
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flow were categorized as slow flow. We 
randomly placed a 50x50cm quadrat at 
location along the water’s edge (Figure 
2). Because we were not surveying the 
relative abundance of caddisflies across 
water types, the exact placement of the 
quadrat was dictated by the presence of 
visible caddisflies. The percent of stone 
present in each larvae case within the 
quadrat was then recorded and used as 
a measure of case composition.  

To test caddisfly case-building 
behavior in different environments, we 
selected one site from each type of 
environment used in the survey (fast, 
slow, and still). Treatment environments 
were created using buckets with mesh 
walls that allowed water to flow 
through them. Larvae were transferred 
from each site to the other two “non-
home” sites and stripped of their cases. 
We began by assessing whether larvae 
from each flow could build full cases 
from plant material and stones. Larvae 
were placed in buckets filled with either 
plant material or stone for 24-hours. 
After observing that larval caddisflies 
from all flow environment sites could 
build with either material in all other  

 
Figure 1. Map of study site. Dotted pins 
represent surveyed sites. Starred pins represent 
sites where caddisfly larvae were collected and 
manipulated. 

 
1a. Fast flowing site                          1b. Slow flowing site                      1c. Still water pool 

Figure 2. Survey sampling protocol. Each caddisfly sticker represents a cluster of caddisflies. Quadrats, 
represented by the squares, were laid on a random cluster of visible caddisflies.  
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flow conditions, we began the preference 
tests. Each treatment bucket contained 
30 ml of plant material and 30 ml of stone, 
which first went through a 500-micrometer 
sieve. Larvae were again collected from 
each site and distributed across all three 
treatments, totaling in nine conditions. 
Overall, we conducted tests on 107 
caddisflies. Larvae were left in their buckets 
for 24-hours to build. After this building 
period, we recorded the case composition 
of each larva. 

2.3 Statistical Analysis 

We conducted a Kruskal-Wallis test on the 
survey data to examine the effect of flow 
type on case composition. For our 
experimental data, we used a two-factor 
ANOVA testing the effects of original 
environment, novel environment, and their 
interactions on case composition. All 
statistical analysis was completed using JMP 13. 

RESULTS 

We found significant variation in the case 
composition across the three surveyed 
environment types (N=15, F=8.85; P < 0.01) 
(Figure 3), in which fast-flow-dwelling 
caddisflies were found to use more stone 
than their slow-flow and pool-dwelling 
counterparts. Across experimental 
treatments we found a significant effect of 
original environment on case composition 
(N=107, F=83.86; P < 0.0001) (Figure 4), as 
well as a significant effect of treatment 
environment on case composition (N=107, 
F=3.50, P < 0.05) (Figure 5). We also found 
an interaction between original 
environment and treatment environment 
on case composition (N=107, F=2.56; P < 
0.05) (Figure 6). 

 
Figure 3. Case compositions by surveyed flow 
environment types. Case composition was 
measured as the percent of the case that was made 
up of stone. The materials in case composition of 
caddisfly larvae by the types of water flow. Bars 
represent the mean percentage of stone in cases +/- 
S.E. There was significant variation in the case 
composition across the three surveyed environment 
types. 

 

Figure 4. The effect of original environment on case 
composition. Case composition was measured as the 
percent of the case that was made up of stone. Bars 
represent the mean percentage of stone in cases +/- 
S.E. There was a significant effect of original 
environment on case composition. Larvae from fast 
flow area used the highest proportion of stone, 
followed by larvae from slow flow area, followed by 
larvae from still pools. 
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Figure 6. Interaction of original and treatment environment on case composition. Red bars represent 
percent plant material in caddisfly larvae cases and blue bars represent percent stone in cases. Top axis 
groups treatments by original flow conditions, bottom represents novel treatment conditions. There was 
a significant interaction between original environment and treatment environment on case composition 
(Fig.6: N=107, F=2.56; P < 0.05). Larvae from high flow area use most stone when put into other 
environments, whereas larvae put into high flow from all environments use more plant material 

DISCUSSION 

In highly variable river ecosystems, 
caddisfly larvae are able to change their 
case-building behavior in response to 
environmental shifts. However, the 
flexibility in their preference in building 
material is largely restricted by their 
original environment type. Moreover, 
our finding that the changes in case 
composition of larvae put into novel 
conditions did not resemble cases of 
natives from said conditions, implies 
that their behavior is potentially 
maladaptive. Previous studies have 
found that mineral-based materials 
offer more protection against high 
pressures and predation (Otto and 
Svensson 2018). However, when 
exposed to faster flowing water than in 
their home environments, individuals 

from still water pools and slow flowing 
areas used more plant material for their 
cases. Previous studies have argued that 
plant material-based cases are lighter 
and may increase relocation by water 
current (Dodds and Hisaw 1924; Hynes 
1970). It is possible that in novel and 
harsher environments, larvae put more 
plant material in their cases in order to 
be taken to a less intense part of the 
river. However, Otto and Svensson’s 
(2018) findings suggest that larvae that 
build with more plant material in fast 
flow areas runs the risk of cases 
collapsing. Moreover, because of the 
stress of encountering a new 
environment without case protection, 
the larvae in this study may have chosen 
plant material because it is less costly to 
build with. Further investigation into the 
adaptiveness of material choice by 
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caddisfly larvae in novel environments is 
required to better understand if the 
behavioral change noted in this study 
was facilitated by evolutionary 
pressures. Additionally, it may be useful 
to measure genetic differences between 
caddisfly subpopulations in each of 
these flow conditions.  

While our findings demonstrate an 
ability of aquatic invertebrates to alter 
their behavior when facing 
environmental change, this ability is 
relatively restricted. Original 
environment had the greatest effect on 
case building behavior. Assuming 
behavioral responses to environmental 
change were adaptive, they may still 
come at a significant cost. According to 
Mondy (2012), building a new case is 
highly energetically costly and would 
decrease caddisfly fitness. Caddisflies 
may have evolved in a highly variable 
environment, but as human activity 
continues to shift climate conditions 
from historic ranges the extent of 
change may be outside the endurance 
of larval caddisfly behavioral plasticity. 
Other aquatic invertebrates are likely to 
be as or more vulnerable as caddisflies. 
Therefore, future research into the 
behavioral limitations of other aquatic 
invertebrates is necessary, as they 
support an ecological web well outside 
the banks of the river. 
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