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ABSTRACT 

Microorganisms play a key role in stream ecosystems, acting as important food sources, 
decomposers, and nutrient providers. However, the streams that these microorganisms 
inhabit can be highly variable and composed of different substrates which support 
different associated communities. This variation in community composition has been 
found in macroinvertebrates but it's unclear whether we can expect similar patterns in 
microorganisms. In this study, we tested differences in microorganism abundance and 
diversity on rocks of different textures. We looked at samples from rough igneous rocks 
and smooth metamorphic rocks. We found that there was greater abundance of 
microorganisms on the rough igneous rock but no difference in diversity between the two 
rock types. This suggests that rock surface texture may be a key abiotic factor for 
microorganism success. Additionally, this association between rock roughness and 
greater microorganism abundance may have important implications on the many roles 
that microorganisms play within stream ecosystems, including that of a food source for 
organisms of higher trophic levels. 
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INTRODUCTION  

Microorganisms are important components 
of stream ecosystems, playing key roles in 
nutrient and energy cycles. This 
taxonomically diverse group is essential for 
all trophic food webs, acting as degraders 
and a substantial food source for stream 
macroinvertebrates (Céréghino 2020). These 
microorganisms can range from single-celled 
to multicellular organisms with distinct 
cellular composition, morphology, mobility, 
and reproduction depending on their 

taxonomic group (algae, protozoa, slime 
molds, fungi, bacteria, archaea, viruses) (Pitt 
& Barer 2012). Since a single drop of water 
can hold hundreds of microorganisms, the 
true extent of their diversity is unclear 
(Dunlap 2001). Furthermore, additional 
information about the abiotic factors that 
lead to microbial success is necessary for 
accurately comprehending their interactions 
with higher trophic levels (i.e., 
macroinvertebrates) and including critical 
ecosystem components into stream 
restoration (Baattrup-Pedersen 2022). 
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Commonly, creeks and lakes host a variety 
of microorganisms including Eukaryote 
phyla and subkingdoms such as: 
amoebozoan, ciliophoran, chlorophyta, 
nematoda, and cercozoan (Hindshaw 2017). 
There is also a variety of Bacteria, such as 
Cyanophyta that often forms, in conjunction 
with algae and detritus, a biofilm on stream 
substrates called periphyton (Kumar & Singh 
1979). There are also unicellular algae called 
diatoms belonging to the division 
Chrysophyta, which specifically have a vast 
number of individuals and species in stream 
ecosystems (Srivastava et al. 2016). All the 
previously described microorganisms have 
community compositions that vary widely 
between different habitats within the same 
lake or stream (Battelle 2019). This variation 
in microbial abundance and taxonomic 
diversity is largely due to different abiotic 
factors such as temperature, depth, and 
natural substrate (Ouellete 2021). Substrate 
is of particular importance to microbial 
communities because microorganisms that 
live attached to surfaces experience greater 
disturbance in more fine substrates (i.e., 
sand) compared to more stable substrates 
(i.e., rocks and boulders). Furthermore, less 
homologous substrate surfaces also tend to 
accumulate greater organic material for 
microbial decomposition and consumption. 
Finally, more mobile substrates can result in 
higher exposure to changing physicochemical 
conditions such as oxygen reduction and 
higher microbial displacement due to 
turbulent flow (Ouellete 2021). Consequently, 
natural substrates can dramatically impact 
benthic microorganism stream communities. 

One aspect of substrate diversity that has 
not been as extensively studied in 
microorganisms is rock texture, specifically 
how rock roughness impacts the abundance 

and diversity of communities. However, this 
has been studied in other freshwater stream 
inhabitants, including macroinvertebrates. 
Erman and Erman (1984) and Boyero (2003) 
documented those rocks with greater 
surface roughness harbored greater 
abundances of macroinvertebrates when 
compared to rocks with a smoother texture. 
This is supposedly because rougher textures 
are more appropriate substrate for 
attachment. Erman and Erman (1984) and 
Boyero (2003) also both found no difference 
in macroinvertebrate diversity, or number of 
taxa present, on rocks of different surface 
textures. 

In this study, we sought to answer whether 
the patterns observed between 
macroinvertebrates and rock surface 
roughness also translate to microbial 
assemblages. We evaluated the effects of 
rough and smooth stream rock surfaces on 
the abundance and diversity of 
microorganism communities. We 
hypothesized that rocks with rougher 
surface texture would have a higher 
abundance of microorganisms when 
compared to a smoother rock. Additionally, 
we expected substrate texture to have no 
effect on microbial diversity. 

METHODS 

2.1 Study location and study system 

This study was performed at Sierra Nevada 
Aquatic Research Laboratory (SNARL) in 
Mono County, California, USA (37.6102°N, -
118.8466 °W). SNARL contains an 
approximately four km long meandering 
portion of Convict Creek that drains from 
Convict Lake. The creek bottom is a 
combination of silt and rocks composed 
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primarily of metamorphosed sedimentary 
rocks coming from the Paleozoic age, and 
granite, some of which are over 200 million 
years old and are a residual from before a 
major volcanic eruption 760,000 years ago 
(UCNRS 2022). Within SNARL’s boundaries, 
Convict Creek has been diverted for 
experimental usage, but a portion of 
‘natural’ creek remains, which is where we 
performed our study. This area of the creek 
is between two and five meters wide and has 
banks primarily covered by aspens and 
willows. A range of macroinvertebrates, 
including Arctopsyche sp., Ameletus sp., 
Calineuria californica and Cinygmula sp., and 
several species of trout, Salvelinus fontinalis, 
Salmo trutta, and Oncorhynchus mykiss, 
inhabit the stream. 

2.2 Sample collection 

Between October 31 and November 2, 
2022, we collected rocks from an 
approximately 200 meter stretch of 
“natural” stream at the west end of the 
reserve (Fig. 1). We opportunistically 
sampled at nine different sites along the 
creek, all of which were easily accessible 
from the bank, but were at least 15 m away 
from a previous site. At each site, three 
rocks, either igneous or metamorphic 
sedimentary (hereafter “metamorphic”) 
were sampled. In total, 27 samples were 
collected, 20 of which were randomly 
selected for analysis (10 of each rock type). 

 

 

Figure 1: Map showing creek sampling location at Sierra Nevada Aquatic Research Laboratory (SNARL). Map of 
California (left) with yellow star denoting location of the study site. Map of SNARL reserve (right) where our study 
was performed. The blue solid line represents a portion of Convict Creek that runs through the SNARL property. The 
green highlighted portion of the creek is an approximately 200-meter stretch of stream where we collected rock 
samples. Igneous and metamorphic rocks were collected between October 31 and November 2, 2022, and were 
subsequently sampled for microorganisms.

All collected rocks were between 200 ml 
and 400 mL in volume, as measured by 
calculating water displacement of individual 
rocks inside a 1000 mL plastic beaker. We 
visually estimated percent cover of 
periphyton on all sides of each rock. To 

collect our sample, we inserted a 
polypropylene plastic funnel over the open 
lip of a wide-mouth glass vial. We positioned 
the rock above the funnel and scrubbed the 
rock surface with a standard nylon test tube 
brush. We then used a wash bottle to rinse 
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the rock, brush, and funnel to wash off any 
remaining surface debris until the glass vial 
filled. All sample vials were then brought 
back to the lab for analysis. 

2.3 Microorganism survey 

To begin the identification of 
microorganisms on surveyed rocks, we 
repeatedly inverted each vial for five to ten 
seconds to mix its contents. Then, we 
transferred 14 mL of the sample to a sterile 
15 mL polypropylene centrifuge tube. We 
spun down the sample at 2,800 rmp for one 
minute using a centrifuge (International 
Clinical Centrifuge Model CL 36086M-7). We 
then used a 100 µL–1000 µL pipette to 
transfer 200 µL of the centrifuged precipitate 
water, and 800 µL of DI water, into another 
15 mL polypropylene test centrifuge tubes 
and diluted it with 800 µL of DI water. We 
then used a disposable pipette to add a 
single drop of the diluted sample onto a 75 x 
25 x 1 mm clear microscope slide and placed 
a 20 x 20 mm clear glass coverslip on top. 

We used a Leica compound microscope 
(Model DM LS2) at 100X magnification (Eye 
piece: Leica part #507802) to count the 
number of microorganisms present and 
categorized them into groups (Table 1) using 
freshwater microorganism identification 
guides (“Guide to Identification of Fresh 
Water Microorganisms” 2004, “Microscopic 
Organisms in a Drop of Pond Water” n.d.). 
Organisms found that were not identifiable 
with either guide were counted for 
abundance, and then further researched 
using pictures. When an organism was 
difficult to identify at 100X we switched to 
400X magnification (Eye piece: Leica part 
#506097). If an identification was not 
possible, they were placed in an 

‘unidentified’ category. Fragments of diatoms 
and algae were also counted and included in 
the overall microorganism abundance. 
Diatoms and algae were considered 
fragmented if they were divided in half or 
were missing approximately 10% of their 
total shape. Each slide was surveyed by 
starting at one of the coverslip corners, 
counting and identifying the microorganisms 
present at that point, and then moving to the 
next field of view to prevent pseudo 
replication. This was continued for the entire 
slide. This process was replicated for all samples. 

Table 1: Total number of different types of 
microorganisms between igneous and metamorphic 
rocks. Note: This table shows a list of microorganisms 
categorized into 9 different groups that were found in 
both igneous and metamorphic rocks. We used 
freshwater identification guides (“Guide to 
Identification of Fresh Water Microorganisms” 2004, 
“Microscopic Organisms in a Drop of Pond Water” 
n.d.) to identify microorganisms. The 9 different 
groups were as follows: filamentous green algae, 
green algae with flagella, green algae without flagella, 
fragmented algae, pennate diatom, centric diatom, 
fragmented diatom, amoeba, and cyanobacteria. The 
unidentified microorganisms and other rare 
individuals were categorized as “others.” The total 
number of microorganisms recorded under their 
respective type were the total count for the 10 
samples collected of each rock type. 
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2.4 Statistical analysis 

We conducted all statistical analyses using 
JMP statistical software v16 (SAS institute 
inc.). We calculated a Shannon-Wiener 
Diversity Index for each sampled rock to 
quantify diversity. To determine if sampling 
rocks of different volume or periphyton 
coverage affected microorganism 
abundance or diversity, we ran linear 
regressions. To compare the differences in 
abundance of microorganisms between the 
different rock types, we used a t-test. Also, 
we used a t-test to compare the differences 
in diversity between igneous and 
metamorphic rock. Lastly, we performed a 
discriminant analysis using the abundances 
of taxa to determine the differences in 
community composition between rock types. 

RESULTS 

Rock volume had no effect on 
microorganism abundance (N = 20, F = 
0.9145, p = 0.3516) or diversity (N = 20, F = 
0.0001, p = 0.9904). Additionally, percent 
cover by periphyton also had no effect on 
abundance (N = 20, F = 0.0366, p = 0.8504) 
or diversity (N = 20, F = 0.1498, p = 0.7032). 
Overall, there was a higher number of 
microorganisms present on igneous rocks 
when compared to metamorphic rocks (N = 
20, t = 2.315, p = 0.0330; Fig. 2). There was 
no difference in the Shannon-Wiener 
Diversity Index between the two different 
rock types (N = 20, t = -0.74639, p = 0.4660; 
Fig. 3). The communities on the two rock 
types were fairly similar (Fig. 4), but a 
discriminant analysis correctly predicted 
rock type 90% of the time. 

 

Figure 2: Higher abundance of stream 
microorganisms were present on igneous rock than 
metamorphic rock. There was a higher abundance of 
microorganisms on the rough igneous rock than the 
smooth metamorphic rock (N = 20, t = 2.315, p = 
0.0330). Ten igneous and ten metamorphic rock 
samples were collected from Convict Creek at Sierra 
Nevada Research Laboratory between October 31 
and November 2, 2022. Rocks were brushed and 
rinsed in the field and water samples containing 
debris were brought back to the lab for microscope 
analysis. In the lab, one drop of the sample was 
analyzed using a compound microscope at 100X 
magnification. Present microorganisms were counted 
and classified. Box and whisker plot includes whiskers 
displaying maximum and minimum values, box 
displaying upper and lower quartile, middle line 
displaying median, and X displaying mean. There was 
an average of 968.7 microorganisms per drop from 
igneous rocks and 478.2 microorganisms per drop 
from metamorphic rocks.  

 

Figure 3: Shannon-Wiener Diversity Index did not 
differ between the two different rock types. There 
was no difference in Shannon-Wiener Diversity Index 
between rough igneous rock and smooth 
metamorphic rock samples (N = 20, t = -0.74639, p = 
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0.4660). Ten igneous and ten metamorphic rock 
samples were collected from Convict Creek at Sierra 
Nevada Research Laboratory between October 31 
and November 2, 2022. Rocks were brushed and 
rinsed in the field and water samples containing 
debris were brought back to the lab for microscope 
analysis. In the lab, one drop of the sample was 
analyzed using a compound microscope at 100X 
magnification. Present microorganisms were counted 
and classified. A Shannon-Wiener Diversity Index was 
calculated to classify diversity. Box and whisker plot 
includes whiskers displaying maximum and minimum 
values, box displaying upper and lower quartile, 
middle line displaying median, and X displaying mean. 
Igneous rocks had an average diversity index of 1.2 
and metamorphic rocks had an average index of 1.1. 

 

Figure 4: Community composition of 
microorganisms found on two different rock types. 
There were more microorganisms on the rough 
igneous rock than the smooth metamorphic rock (N = 
20, t = -2.315, p = 0.0330). There was no difference in 
diversity between rough igneous rock and smooth 
metamorphic rock samples (N = 20, t = -0.74639, p = 
0.4660). Although similar in composition, rock 
microorganism communities differed enough that a 
discriminant analysis correctly predicted rock type 
based on taxa presence and abundance 90% of the 
time.  Ten igneous and ten metamorphic rock samples 
were collected from Convict Creek at Sierra Nevada 
Research Laboratory between October 31 and 
November 2, 2022. Rocks were brushed and rinsed in 
the field and water samples containing debris were 
brought back to the lab for microscope analysis. In the 
lab, one drop of the sample was analyzed using a 
compound microscope at 100X magnification. 
Present microorganisms were counted and classified. 

The main taxon of microorganisms found were 
Pennales (bilaterally symmetric) diatoms, 
filamentous green algae, green algae without flagella, 
and Centrales (radially symmetric) diatoms. All other 
microorganism taxa with an average of less than ten 
individuals per rock were included in the ‘other’ 
category. 

DISCUSSION 

Overall, we found no effect of sampled 
rock volume or periphyton cover on 
microorganism abundance or diversity. In 
other words, neither the amount of 
periphyton nor the size of the rock caused a 
difference in abundance or diversity. 
Instead, the differences observed are more 
likely attributed to the distinct surface 
textures of our sampled rocks.  

We found a higher abundance of 
microorganisms on the igneous rock 
compared to the metamorphic rock (Figure 
2), supporting our initial hypothesis that we 
would find more microorganisms on the 
rougher substrate. This follows the patterns 
observed in macroinvertebrates (Erman and 
Erman 1984, Boyero 2003) and bacteria 
(Zheng et al. 2021) that suggests greater 
surface texture of the igneous rock plays a 
role in supporting a higher abundance of 
microorganisms. Rougher rock surfaces may 
be a beneficial habitat for microorganisms 
because of the refuge they provide. For 
organisms that rely on attachment, like 
many ciliates and rotifers, rough texture 
provides increased surface area that allows 
scaffolding for adhesion (Zhang et al. 2021). 
For microorganisms that are free-floating, 
like many green algae or diatoms, rough 
surfaces may provide more spaces to be 
trapped or crevices that protect against 
shear forces in the surrounding environment 
(Zhang et al. 2021). 
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We found no difference in the diversity 
index of microorganisms between the two 
different rock types (Fig. 3), supporting our 
hypothesis that there would be no 
difference in diversity based on rock texture. 
This follows the patterns seen in stream 
macroinvertebrates (Erman and Erman 
1984, Boyero 2003), but interestingly 
contrasts Ertekin et al. (2021) which found 
that more fragmented substrates had 
microbial communities with higher 
taxonomic and functional diversity. 
However, this study was performed in the 
Atacama Desert, a very different ecosystem 
than the freshwater stream sampled here. 
Our findings of no difference in diversity 
between rock surface texture may suggest a 
lack of specialization for substrate texture in 
stream microorganisms. The ability to attach 
or remain on a certain substrate may not be 
species specific, but instead more individual, 
with more individuals able to inhabit a 
rougher rock surface. The diversity of each 
community may instead be a function of a 
combination of other factors outside of the 
surface texture itself. 

Although seemingly quite similar in 
composition, the communities of 
microorganisms found on the two rock types 
differed enough that rock type was correctly 
determined based on abundance of taxa 
90% of the time (Fig. 4). This suggests that, 
despite not finding differences in the 
diversity index, the communities of 
microorganisms that inhabited the two 
different rock types were distinguishable 
from each other. This may be due to some 
species only being found on one type of rock, 
with Halteria only present on igneous 
samples, and Lacrymaria, Gastrotricha, and 
Nematoda only present on metamorphic 
samples. 

Our study found that stream 
microorganisms have paralleled patterns of 
abundance and diversity in stream 
macroinvertebrate communities (Erman and 
Erman 1984, Boyero 2003). Previously, the 
increased abundance of macroinvertebrates 
on rough rock substrates has been thought 
to be due to their ability to attach better 
(Erman and Erman 1984) but given that 
microorganisms are an essential food source 
for many macroinvertebrates (Villanueva 
and Trochine 2005, Mishra et al. 2017, 
Findlay 2010), this may not be the only 
reason. Our study introduces the possibility 
that macroinvertebrates may be found more 
on rougher rock surfaces because of the food 
source present there; with microorganisms 
present at higher abundances there is more 
food available. A future study looking at the 
relationship between microorganisms and 
macroinvertebrates could help better 
elucidate the extent of this relationship. This 
could be done through both an observational 
study comparing macroinvertebrate and 
microorganism abundance on rocks of 
different textures and a choice trial 
comparing macroinvertebrate preference 
for rocks of different textures with 
microorganism communities left intact or 
removed. 

This study suggests that rock surface 
roughness plays an important role in the 
abundance of microorganisms. This finding 
provides important additional understanding 
for how microbial communities may differ 
under variable abiotic conditions and the 
implications that these may have for the 
ecosystem surrounding them. An increased 
abundance of microorganisms on rougher 
rocks may extend to higher trophic levels 
and explain additional patterns in 
abundance of many other organisms. 
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