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Due to climatic changes, stream habitats are projected to be exposed to more frequent 
and intense floods. Floods can dramatically alter the stream ecosystem by lowering 
aquatic invertebrate abundance and richness, changing stream substrate composition, 
and impacting microhabitat availability. Depending on the substrate preferences of 
individual species, aquatic invertebrate populations could be impacted not only directly 
by floods, but also in their ability to re-populate highly altered stream habitats. In this 
study, we focused on exploring the substrate preferences of Ilybius walsinghami, a 
species of predaceous diving beetle common in freshwater stream ecosystems, by 
conducting a combination of an observational study as well as two choice-experiments. 
We found that I. walsinghami prefers fallen organic debris over rock, green algae, and 
sand for shelter preference. Our findings can be utilized for future projections to estimate 
how I. walsinghami may be impacted by increased high-intensity floods. 
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INTRODUCTION  

Climate change has been altering the 
hydrology in California, resulting in more 
extreme changes in streamflow. Due to 
global temperature shifts, California is 
projected to experience more streamflow 
during wet seasons in the winter and less 
streamflow during dry seasons in the 
summer (Miller et al. 2007). Additionally, 
climate models predict that a larger 
proportion of the streamflow volume will 
occur earlier in the year, as increased 
temperatures lead to increased amounts of 
snowmelt. With changes to streamflow, 
floods have been predicted to increase both 

in frequency and intensity (Dettinger 2011). 
Floods have been shown to reduce aquatic 
invertebrate populations by up to 95% and 
reduce species richness by up to 70% 
(Mundahl & Hunt 2011). Besides physically 
removing aquatic invertebrates from their 
habitats, floods can also alter invertebrate 
habitats by moving and damaging stream 
substrates (Death 2008). This can make it 
difficult for aquatic invertebrates to re-
establish pre-flood population densities due 
to substrate disturbances.  

One important group of invertebrates that 
may be particularly sensitive to substrate 
changes are the water beetles (Coleoptera). 
Water beetles are an extremely large and 
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diverse group of species that vary in habitat, 
diet, and distribution. The most diverse and 
numerous family of water beetles is the 
predaceous diving beetles (Dytiscidae), with 
over 4,000 described species that can be 
found in almost every kind of freshwater 
habitat (Yee 2014). Predaceous diving 
beetles are an excellent model species for 
studies on aquatic invertebrates due to their 
abundance, visibility, and prominent role in 
freshwater ecosystem food webs. These 
beetles are generalist predators as larvae 
and adults, preying on zooplankton, other 
aquatic invertebrates, larval amphibians, 
and fish, as well as scavenging on dead 
organisms (Culler et al. 2014). Predaceous 
diving beetles are important predators of 
mosquito larvae and are frequently 
examined as agents for mosquito 
suppression. They also serve as prey to 
dragonfly and damselfly (Odonata) nymphs, 
fish, amphibians, reptiles, birds, and 
mammals. Previous studies have indicated 
that aquatic invertebrates show substrate 
preferences on streambeds -- for example, 
adult copepods and larval lake flies 
(Chironomidae) are more abundant in leaves 
than in sand, preferring rapidly decomposing 
leaves (Palmer et al. 2000). In water beetles, 
substrate type is a factor in determining 
species distribution (Eyre et al. 1993). Similar 
patterns have been observed in predaceous 
diving beetles. Microhabitat preferences can 
greatly vary between predaceous diving 
beetle species, although there are general 
trends -- in four rivers of Northwest Spain, 
most species appeared to prefer moss 
substrates, followed by pebbles (Sarr et al. 
2013). However, there is still a large gap of 
knowledge in substrate preference for many 
species of predaceous diving beetles. 

The predaceous diving beetle species 
focused on in this study is Ilybius 
walsinghami. Within the habitat of I. 
walsinghami, there are four main substrate 
choices: fallen organic debris, rocks, sand, 
and green algae (Chlorophyta). Fallen 
organic debris provides I. walsinghami with 
more shade and stability than other 
substrates. The buoyancy of fallen organic 
debris provides shade and ample space for I. 
walsinghami to maneuver within the 
substrate. It further provides stability by 
sheltering I. walsinghami from strong water 
currents. Therefore, we predict that I. 
walsinghami will show a substrate 
preference towards fallen organic debris 
over rocks, sand, and green algae. We 
expected to see this preference in both 
natural and experimental settings. 

METHODS 

2.1 Study Site 

We conducted our study at the University 
of California, Riverside James San Jacinto 
Mountain Reserve in Banning, Riverside 
County, CA (33° 48’ 30.6612” N, 116° 46’ 
38.4888” W) at 5200 ft elevation. Our 
research was done on May 3, 2021 through 
May 11, 2021. We focused on Indian Creek, 
an approximately 1.63 km long freshwater 
granitic bed creek which runs through a 
montane forest. Within the Indian Creek, we 
focused on the following substrates: rock, 
green algae, fallen organic debris, and sand. 
We chose these four substrates because 
they were the most predominant in the 
creek.  
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2.2 Observational Study Design 

In our observational study, we surveyed 
along the Indian Creek that resided within 
the James San Jacinto Mountain Reserve. 
These observations were taken during the 
day from 11 AM to 3 PM. Along the creek, we 
surveyed 10 pools. Selected pools were at 
least 15 cm deep, mostly still water, and had 
at least one beetle present within the first 
minute of observation. Each of these 10 
pools were at least 5 m from each other. For 
every pool, we estimated the visual percent 
coverage of each substrate. Four group 
members observed the pool and came to a 
consensus on the visual percent coverage of 
each substrate. Rocks less than 1 cm in 
diameter were considered sand, any 
particles larger were considered rocks. 
Organic debris consisted of pine needles, 
black oak leaves, incense cedar leaves, 
branches, and pinecones at varying levels of 
decomposition. Green algae were defined as 
any free floating Chlorophyta material. We 
spent 10 minutes at each pool observing 
beetle activity. Each time a beetle was 
observed landing, burrowing, or crawling on 
a substrate, we considered those activities 
as a visit for that substrate. Since keeping 
track of individual beetles was not feasible, 
beetles were counted more than once based 
on number of visits. 

To compare substrate preference to the 
available cover, we converted the number of 
visits from a number value to proportions for 
each pool. We used estimated visual present 
coverage as a proxy for expected beetle 
visitation on each substrate. We compared 
each pool separately using a Fisher’s Exact 
Test with a Bonferonni corrected alpha value 
of 0.005 (Uitenbroek 1997). We compared 
each pool’s expected proportion of visits per 

substrate to the observed. This allowed us to 
test for beetle substrate preference 
independently from availability of substrate. 

2.3 Experimental Four Substrate Arena 

We set up a choice experiment to test the 
substrate preference of I. walsinghami in a 
controlled setting. The night before the 
experiment, we gathered the first 30 beetles 
we found from the creek. Beetles were put 
into a holding container and kept indoors 
until trials began. The next day from 11 AM 
to 3PM, we set up two arenas. Both arenas 
were created with 32 cm by 28 cm by 14.5 
cm plastic tubs. Each arena was separated 
into 4 equal parts that were 12.25 cm by 
14.25 cm with a 3.5 cm division between 
each sector. Each section had one substrate 
within it. Within both arenas, substrates 
were placed randomly in each sector to 
avoid potential directional bias of the 
beetles. Additionally, the arenas were 
rotated after every ten trials to avoid this 
potential bias. One cm in depth of each 
substrate fully covered each sector (Fig. 1). 
All the substrates were collected from Indian 
Creek, where the beetles reside. We used a 
mixture of rocks with diameters between 1 
cm to 10 cm. The green algae we collected 
were wrapped around a pine needle to 
prevent them from floating into other 
substrates’ sectors. All sand substrate 
particles were less than 1 cm in diameter. 
Fallen organic debris substrate was collected 
to reflect the composition observed in our 
observational study. Filtered stream water 
was placed in both arenas to a depth of 10 
cm. The stream water was filtered using a 
coffee filter and strainer to remove any 
other aquatic invertebrates.  
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Figure 1. Plastic tub (arena) with ten cm of filtered 
creek water and four sections for four substrates. 
Upper left corner rock, upper right corner sand, lower 
left corner algae, lower right corner fallen organic 
debris. Used for choice experiment to test Ilybius 
walsinghami substrate preference.  

Each beetle was placed one at a time into 
an arena. Beetles were only used in one trial 
then housed in a holding container and 
released after nightfall that day. Every beetle 
was observed for 5 minutes in the arena. We 
recorded every time the beetle landed, 
crawled on, burrowed in, or hid under each 
substrate and considered that a visit. 

We analyzed this experimental data using 
a linear mixed model (JMP®, Version 16. SAS 
Institute Inc., Cary, NC, 1989-2019.) to look 
for substrate preferences of I. walsinghami. 
We compared the number of beetle visits 
across substrates. Individual beetle variation 
was considered a random effect in the 
model. We did a post hoc comparison of 

means of the four substrates using a least 
square means differences Tukey HSD test to 
classify differences in substrate preferences. 

2.4 Experimental Two Substrate Arena 

In our first experiment we found that 
beetles preferred rock and fallen organic 
debris over other substrates. To determine if 
there was a preference between rock and 
fallen organic debris, we set up a second 
choice-experiment that focused only on 
rocks and fallen organic debris. We collected 
beetles in the same manner as the first 
experiment. Using the same plastic tubs, we 
created 2 equal sectors, 28 cm by 14.25 cm 
with a 3.5 cm division between them. Each 
sector was filled with 10 cm of filtered creek 
water. One side was filled with rocks and the 
other side was filled with fallen organic 
debris. Rocks were between 1 and 10 cm and 
fallen organic debris was the same 
composition as the first experiment. On both 
sides, substrates were 1 cm in depth. 

Each beetle was placed one at a time in an 
arena for 5 minutes. We recorded the 
number of visits per substrate as well as the 
time the beetle spent visiting each substrate. 
Beetles were then placed in holding 
container and released after nightfall. After 
every 10 beetles the arenas were rotated to 
account for potential directional bias in the 
beetles. 

We analyzed this experimental data using 
a linear mixed model (JMP®, Version 16. SAS 
Institute Inc., Cary, NC, 1989-2019.) to look 
for substrate preferences of I. walsinghami. 
We compared the number of visits across 
fallen organic debris and rocks. As well as 
compared the time spent in each substrate. 
Individual beetle variation was considered a 
random effect in the model. 



  
 

 

 

CEC Research | https://doi.org/10.21973/N3H080    Spring 2021 Vol. 5 Issue 4 5/8 

RESULTS 

Out of the 10 pools surveyed in our 
observational study, 6 showed that I. 
walsinghami had a substrate preference 
independent of substrate availability (Table 
1). In 5 out of 6 pools, I walsinghami showed 
a preference for fallen organic debris, while 
in 1 out of 6 pools I. walsinghami had a 
preference for rocks (Fig. 2).  

Table 1. Observational substrate preference of 
Ilybius walsinghami. Results from multiple Fisher’s 
Exact Test ran on each pool from Indian Creek depict 
substrate preference that occurred in six out of ten 
pools with (Bonferonni corrected value) a = 0.005. 
Pool numbers are ordered from upstream descending 
downstream.  

 
 

 

Figure 2. Ilybius walsinghami prefers fallen organic 
matter and rock. We did individual Fisher’s Exact test 
for each of the ten pools to account for variation 
among pools. On average, fallen organic debris was 
preferred over the other substrates.  

In our four-choice experiment I. 
walsinghami preferred fallen organic debris 
over green algae and sand. According to the 
least square means differences Tukey HSD, 
fallen organic debris and rock were 
preferred the same amount (Q = 2.61, p < 
0.05). On average, fallen organic debris 
received 4.53 visits per beetle, rock received 
2.03 visits per beetle, green algae received 
2.53 visits per beetle, and sand received 0.67 
visits per beetle (N = 30, F ratio = 13.58, p = 
<.0001, Fig. 3). 

 

Figure 3. Number of visits of each substrate type by 
Ilybius walsinghami in choice experiment. Boxed 
plot horizontal lines represent medians of I. 
walsinghami number of visits of each substrate. 
Vertical lines represent the range of number of visits. 
Points signify outliers of number of visits. Letters 
signify statistical difference between number of visits 
on substrates. Having the same letter means number 
of visits not statistically different. In a choice 
experiment with 4 substrate choices, I. walsinghami 
chose fallen organic debris and rock over sand, and 
green algae (N = 30, F ratio = 13.58, p = < 0.0001). 

In our second experiment I. walsinghami 
preferred fallen organic debris over rocks in 
average number of visits (N = 30, F ratio = 
9.72, p = 0.0028, Fig. 4). Ilybius walsinghami 
on average had 7.73 visits on fallen organic 
debris and 5.13 visits on rocks. Ilybius 
walsinghami also preferred fallen organic 
debris over rocks in time spent in each 
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substrate (N = 30, F ratio = 18.34, p = <.0001, 
Fig. 5). Beetles on average spent 113.1 
seconds on fallen organic matter and 52.23 
seconds on rock. 

 

Figure 4. Ilybius walsinghami preferred fallen 
organic debris over rock in number of visits. In a 
choice experiment between fallen organic debris and 
rock, I. walsinghami visited fallen organic debris more 
than rock. Boxed plot horizontal lines represent 
medians of I. walsinghami number of visits on 
substrates. Vertical lines represent the range of 
number of visits (N = 30, F ratio = 9.72, p = 0.0028). 

 

Figure 5. Ilybius walsinghami preferred fallen 
organic debris over rock in time spent in substrate. 
In a choice experiment between fallen organic debris 
and rock, I. walsinghami spent more time in fallen 
organic debris than rock. Boxed plot horizontal lines 
represent medians of I. walsinghami time spent on 
each substrate. Vertical lines represent the range of 
length of time spent on each substrate (N = 30, F ratio 
= 18.34, p = < 0.0001). 

DISCUSSION 

Our study’s findings support our 
hypothesis that I. walsinghami would choose 
fallen organic debris over other substrates. 
We found these results in the observational 
study and both experiments. Our study 
confirms previous findings that some species 
of other aquatic invertebrates have 
preferences towards organic matter 
compared to other substrates (Palmer et al. 
2000). Some predaceous diving beetle 
species prefer shaded habitats (Gioria 2014). 
Predaceous diving beetle preference 
towards shade might explain their 
preference towards fallen organic debris 
because it creates a shaded microhabitat for 
them. Fallen organic debris also creates a 
preferable shelter for I. walsinghami by 
protecting them from predation while still 
allowing them to move freely through the 
substrate. 

We also found rocks were a close second 
choice of substrate compared to green algae 
and sand. Previous studies found that moss 
was a first choice and pebbles were second 
choice of most species of water beetles, 
aligning with our findings (Sarr et al. 2013). 
Rocks provide adequate shade like fallen 
organic debris. However, rocks do not 
provide the same space for mobility as fallen 
organic debris, which could explain why 
rocks would be the second preference.  

Besides preferring fallen organic debris for 
shelter, other aquatic invertebrates may 
have entered our arena and influenced I. 
walsinghami substrate choice. Other aquatic 
invertebrates could have been picked up in 
the substrates and brought into the arena 
without our knowledge. Since I. walsinghami 
preys on these invertebrates, their presence 
could have influenced their behavior. Future 
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studies could implement different filtration 
systems to explore how prey presence 
impacts substrate preference. 

Another potential factor to include in 
future studies would be the presence of 
algal-covered rocks. In our observational 
study, we observed that as we moved 
upstream the rocks became covered with 
algae. This alga was different a species than 
the alga we studied. Future studies could 
enlighten how this alga and its presence on 
rocks could influence the preferred 
substrate choice of I. walsinghami. 

The preference of fallen organic debris by 
I. walsinghami is important to understand 
how changing hydrology will affect the 
species. Fallen organic debris is especially 
impacted by flooding (Angradi 1997). While 
other substrates can withstand flooding, 
organic material is susceptible to being 
washed away. This is because organic 
material is often buoyant, lightweight, and 
not attached to the stream bed, allowing it 
to be swept away. Therefore, I. walsinghami 
could be negatively impacted by changes to 
hydrological patterns in California due to the 
difficulty of re-populating without their 
preferred shelter type. Our study can be 
repeated on many aquatic invertebrate 
species. This replication can better predict 
how shifts in hydrology would impact 
freshwater ecosystems. Understanding the 
substrate preference of aquatic 
invertebrates in freshwater ecosystems is 
vital to monitoring species success in 
response to hydrological changes caused by 
climate change.  
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